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FOREWORD 


I have great pleasure in writiug for Dr. 
Gupta’s little book. Books on the practical teach¬ 
ing of Physiology and Hygiene are unfortunately 
very few : and of those present, they are written 
mostly by teachers who themselves had no train¬ 
ing either in the theory or the practical applica¬ 
tion of the subject or by doctors who have no 
experience of teaching. The present book has the 
great advantage that it is written by one who 
is not only a teacher of Physiology and Hygiene 
but also a busy Medical Practitioner- Dr. Gupta's 
treatment of the subject matter is very lucid yet 
brief. The value of the book is enhanced by an 
excellent chapter on the use of the Microscope 
and by several very useful blocks. I consider 
that the book will prove useful to the student 
taking up his High School Examination and the 
teacher alike. 1 wish it all the success it deserves. 

M. T* Gujral* 

M. R,. B. (PUKJA.il) M, rt, r. l\. (I.OKD,), 

Chandni Ckov.k, Delhi. 




Preface 


Theoretical knowledge of Physiology and Hyg¬ 
iene is of little use to any body, least of alt to 
a beginner, if there does not exist at the same 
time a proper understanding of its practical appli¬ 
cation. My object in writing this little book is 
to supply a want in this direction. It is believed 
that the book will prove helpful to candidates 
who are preparing for the High School Examina¬ 
tions of Indian Universities and Boards. Incidental* 
ly it will also be of value to the layman who 
feels interested in elementary Physiology and 
Hygiene. 

My thanks are due to many teachers for 
their valuable help and suggestions, specially to 
L. Shadi Lai, Headmaster, Ramjas High School, 
No. 1, Delhi and Dr. M. L- G'ujrat, Lieut. M. B., 
B. S. (Punjab), M. R. C. P. (London), Chandni 
Chowk, Delhi. 

Any suggestions from the teachers to make 
the book more useful, are cordially invited and 
would be considered to incorporate them in the 
next edition. 


Delhi, 

September, 1936. 


B. C. G. 
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HUMAN SKELETON OB THE BONT 

FRAME WORK 


I, Articulated Skeleton!— In articulated skeleton the 
various bones of which the skeleton is composed, are 
placed in their natural positions, and are hold there by 
artificial joints secured with wires, nails etc.; while it 
should be noted that in our own bodies various bonos 
forming various joints are hold in position by liga¬ 
ments, tendons and muscles. Hence our natural joints 
ai‘e absolutely different from the artificial joints in an 
articulated skeleton. 

Look at such a skeleton hung before you and note the 
following natural divisions:— Head, Trunk and Limbs. 

HEAD OR SKULL. Note tlio strong bony box which 
lodges the brain .called the Cranium and on its front 
aspect you see Die various bones of the Face. 

TRUNK. Note the strong bony pillar tlio Spine or the Back 
Bone, on which rests tho head, and is composed of 
many small irregular rings of hone—tho Vertebrae. To 
the front of its upper pait note a sort of bony cage 
—the Thorax—with some vertebrae boliind, ribs on each 
side and breast bone in front. 

LIMBS. Note that the two pairs of limbs appear to bo 
hanging from the sides of tlio trunk. From the upper 
part of tlio tmnk hang tho Upper Limbs , and from its 
lower part, tho Lower Limbs. The limbs are also sometimes 
called the Appendages. Note that the bones of the 
limbs are stronger, longor, and more compact than the 
bones of the other parts of the skeleton. Note also 
that the bones composing the lower limbs are much 
stronger and stouter than those of tlie upper limbs, 
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Sketch the skeleton as you see' hanging before you and label 
its various p^rts. 

N, B . MAIN USES (I) Gives support to the soft parts and thus to 
the whole body* (II ) Gives a proper shape to the human body, 
(III) Protects the delicate internal origins bke Brain, Heart etc. 
( TV ) Serves for the attachment of muscles etc. and so movements are pro¬ 
duced ft t the joints. 

II. Disarticulated Skeleton. A]1 the individual 
bonce, forming the bony frame work of a human body 
comprise the Disarticulated, Skeleton. 

Before beginning to study in detail the individual 
bones, we should know the different kinds of bones. 

For tide pick up a Shoulder-blade, a Thigh-bone, a 
Wrist-bore and a Vertebra. Note the marked contrast 
in their appearance. Hence bones are classified into:— 

(«) Flat Danes are those in which one axis (axis of 
thickness) is greatly reduced out of all proportion 
to the other two axes (of length and breadth), so 
they look thin and flat e.g. Shoulder-blade. 

(6) Long Bonne aro those in which one axis (axis of 
length) is greatly increased out of all propor¬ 
tion to the other two axes (of breadth and thick- 
3iess), so they appear long e.g. Thigh-bone. 

(c) Short or Cuboitlal Bones are those in which ail the 
axes are more oi* less equal and short, and they 
have got a fairly regular shape e.g. Wrist-bones. 

(d) Irregular Bones ai*e those which have no definite 
shape e.g. Vertebrae. 

To wliich class of bones do the following bones belong 
Sphenoid, Ulna, Hip bone. Frontal bone, Ankle bones and 
Phalange a. 
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A. The Skull. Pick up the skull and note that it 
consists of two parts—tho Cranium or tho Brain 
Sox and tho Face. 

(i) THE CRANIUM OR ’£ HE BE AIN BOX. Mark the zig¬ 
zag lines of the union of tho different bon os forming 
the Cranium, These are called the Su'urer. Note 
that the Brain Box is really a strong hollow 
box to lodge tho brain. Sutures are formed by 
the firm union of the saw-like or dove-tailed edge 
of one bone inter-locking with a similar edge of the 
other bone. These are the joints in the Skull. 
Note that very little movement is possible in these 
joints. 

Cranium consists oE eight bores: j 

fa/ The Frontal Bone. It forms tho forehead, also 
the upper part of Orbit and tho roof of the nose. 
Note its vertical and horizontal portions. To its 
upper edge are united:— 

(&) The two Parte fait. They form a pa it of the roof 
and the sides of Cranium and unite in the middle 
line witli each other. Note that they arc quadri¬ 
lateral in form and are curved like a saucer. 

Distinguish the right from the left by:— 

Tho upper edge is straight, the lower ie curved and the promi¬ 
nence is more towards the posterior edge* See that they 
unite with the Frontal in front, Occipital behind mid Temporal and 
Sphenoid bones below, 

(<j) The Occipital Bone forms the lack of tho Cranium, 
and the hinder part of tho base of the Skull, Note 
its vertical and horizontal portiors and also a big 
round hole in its horizontal part called the Foramen 
Magnum , and the two smooth projections around 
the hole called the Condykt which move on the 
first vertebra. 



(d) The two Temporal Senes form the temple and 
complete the Hides of the Cranium. Note the open* 
ing of the external ear in each. Note its flat 
vortical part —Squamous part - -and its thick part 
projecting inwards —Petrous part. Note that the 
external ear opening goes inwards in the Petrous 
part. Also note the place whore the lower jaw 
hone unites and moves, and also the big projec* 
tion of bone behind the external car opening the 
Mastoid process. 

Distinguish the right from the left by:—-external 
ear opening is outside, mastoid process is behind 
it and the flat squamous part is above. 

(c) The Sphenoid Hone. Note that it is an irregular 
bone, shaped like a bat. It forms middle part of 
the base and a part of the sides of the Skull. 
It is placed in front of the horizontal part of the 
Occipital bone. 

(/) The Ethmoid Bone. It ia a small bone lying in 
front of the Sphenoid and is wedged in the hori¬ 
zontal part of the Frontal bone. It forms roof of 
the nose and front part of the base of skull, and sides 
of the Orbit. This bore usually gets destroyed during 
separation of bones. Note that its upper horizon* 
taJ plate is perforated like a sieve for branches 
of Olfactory nerves to the nose. 

M- B, AVrite th& names ot ail the banes of the Cranium, and with what 
bones does each bone come in contact ? 

(*0 BONES OF THE FACE. 14 in all. 

(«; Tne two Nasal Banes -Small quadrilateral bones, 
form the bridge of nose, meet with each other 
in mid-line and above with the Frontal bone and 
below with the uppar jaw bones. 

(6) The two Malar, or Cheek Bones , also called the 
Zygomatic bones. Roughly quadrilateral bones 
and form prominences of checks. 
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(o) The two Superior Maxillary Bone* or Upper Java 

* 

Bones, are irregular bones. Each lodges tiie upper 
8 teeth on each side. Both form the upper jaw 
and the front part of the roof of mouth and floor 
of Nasal cavity. 

(ct) Ttoo Palatal Bones form the posterior part, of the 
roof of the mouth and the floor of the ra-sal cavity. 
It is shaped like the Ergiisli capital letter L.i 

(e) The two Lachrymal or Tear Bones. They are 

small tliin bones situated at the inner angles of 
the Orbits or sockets for the eye ball. Each has got 
an excavation in which lodges the Tear Sac, lienee 
the name. 

(f) Ttoo Spongy Bones —Small thin twisted plate like 
bones, one in each nostril. It forms the lowermost 
prominence in each nostril. 

(g) Vomer or Ploughshare Bones. It is a quadrilateral 
thin plate of bone which forms the posterior part 
of the partition in the nose. 

(h) jM andible or Bower Jaw Bone. It is a horse-shoo 
shaped bone, has sockets for 1G lower teeth in 
its middle curved horizontal part. The posterior 
vertical part is divided into two, the hinder 
of winch forms a hirge-joint with the temporal 
bone. Note the movement of the lower jaw. 
Also note that it is the only hone out of the face bones 
which moves. Note in chewing the upper jaw 
bones do not move at all and it is orly the lower 
jaw which moves. Sketch this bone. 

si 

Sketch the Skull as seen from (i) the top (Si) from the left side 
(Hi) from belaud (iv) from front (tv) from below; mid label the various 
bones seen* Name the bones of which the Oribta are formed. 
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33. Vertubral Column or Spinal Column or Spine 
or iMack Bone. Note that it is a bony pillar 
consisting of many single irregular pieces of bone 
called Vertebrae. This column gives the name of 
Vertebrates to those who possess it, othors are called 
1 meHtbraUs. Note that there are 4 curvatures 
in this column: 

<«) Those placed in the neck— Cervical —7 in number, 

form a curve with convexity forwards. 

% 

(J) Those placed in the Thorax— Thoracic or Dorsal 
—12 in the number, forma curve with convexity 
backwards, 

(<?) Ti Lose placed in the Abdominal region— Lumbar — 

5 in number, with convexity forwards, and 

(<o Those placed in the Pelvic region —Sacral and 
Coccyx —composed of 5 fused pieces forming 
Sacrum and 4 fused pieces forming Coccyx, liave 
a curve with convexity backwards. 

Count the number of Vertebrae in the column. There are 
33 pieces out of winch five of the Sacrum and four 
of the Coccyx aro fused into one bone each i. e. the 
Sacrum Bone and the Coccyx Bone. 

Select a Vertebra from the Thoracic Vertebrae viz. the 
sixth or seventh, and note the following points:— 

(ij Centrum or Body. A cuboidal disc of bone 
forming the front part. 

(«) Neural Arch . To the back, of the body is attached 

an arch of bone called the Neural Arch, enclos¬ 
ing a hole—the Sptml Canal. 
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(***) From the arch arise two processes or projections, 
one on each side, called the Transverse Processes 
and 

(it?) A central process behind, call ed the Spinous Process. 
Take from the vertebrae the sixth, seventh and 
eighth Thoracic Veitebrao and place them in posi¬ 
tion one above the other and note that the neural 
arches of these bones make a continuous canal 
through which passes tho Spiral Cord in the 
living human being. Also note that in between 
tho two vertebrae there is a hole on either side 
called Intervertebral Foramina through winch the 
Spinal nerves pass out from the Spinal Corel. 

Sketch a typical Thorndc Vertebra anti label its various 
parts* 

I. CERVICAL REGION. Next take a typical Cervical 
Vertebra, say the fifth and note 

(i) The body is small and the vertebra on the whole 
is small. 

(ii) Neural arch is very wide. 

(iii) Transverse processes are short ai d there are holes 
in them for the passage of an artery in the living 
body in alt cervical vertebrae. 

(iv) Spinous Process is short and bifid or forked. 

Sketch it and show tho special points, 

Note the atypical vertebrae in this region and draw each, 

|. ATLAS OR 1st CERVICAL. 

(a) It has no body ard ro Spinous process or a very 
rudimentary Spinous process. 

(i) It has two cup-shaped, polished areas— Facets— 
on its upper surface for the movement of the 
skull. 
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(c) It lias a smooth surface— Facet—on the internal 
surface of its front part which revolves round 
the 2nd Vertebra. 

(d) It has got the shape of a ring . 

3. AXIS OR 2nd CERVICAL- 

fa) It has got a peg-tike process above its body which 
is called Odontoid Process round which tho atlas 
moves. 

<*) On tho front surface of the Odontoid process 
thorc is a small facet. 

3. 7th CE UVJC AL OR VETEBEA PRO M IN EE S. 

(«) It is so called because it has a very long spinous 
process which can be easily felt projecting under 
the skin in a living body, hence a useful point in 
counting vertebrae. 

(ft) Sometimes its transverse processes arc abnor¬ 
mally largo simulating the ribs. 

II. DORSAL OR THORACIC REGION. Select a ver¬ 
tebra of this region ard note the special points:— 

(i) There are Articular Facets cn the sides of the bodies 
of those vertebrae for articulation with tho heads 
of ribs. 

(U) There arc similar Facets on of the tra vsne.rse 
processes for articulation with the tubercles of the 
ribs, with the exception of 1 1th and 12th Thoracic 
Vertebrae which have ro facets on tho transverse 
processes, as thorc arc no tubercles on the Hth 
and 12th ribs. (See description of Ribs.) 

(*ii) Spinous processes are long* thin, and point down¬ 
wards. 

N.8. Thera are 12 Thoracic Vertebrae and 12 pail's of riba, i. e* one pair of 

ribs for articulation with on© vertebra. 

U M 

__ _ | 

Draw a Thoracic Vertebra. 
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III LUMBAR REGION. Not© the following points ;— 

The bodies are very large. 

(«) Transferee processes arc very long. 

(it*; Spinous processes arc short, straight and thick, 
and are axe-shaped. 

(tc) Absence of facets on the sides of the bodies and 
the transverse processes. 

Di aw a Lumbar Vertebra. 

IV SACRAL REGION. The five vertebrae of this region 

are fused together to form one Sacral bone. Sketch 
it and note that 

(i) It is a solid triangle with base upwa.nl and 
vertex below, and is fixed in between the 2 hip¬ 
bones Jiko a wedge. 

oo Its front aspect is smooth and can cave, and its 
back aspect is rough and convex. Its posterior 
wall is also deficient below. 

(m) On either 1 side of the middle line there are four 
holes for the Spinal Nerves. 

0'») Note the ear-shaped articular surface for arti¬ 
culation with the hip bones on the upper part of 
each of its sides. 

Make a sketch of the Sacrum. 

V COCCYGEAL REGION. Four small vortebrae are 

fused to form a small Coccyx Bono. Tliis is also 
called tho Tail-bone of man. In monkeys and 
other animals tho number of vertebrae in tho 
tail region is very large and they are not fused. 

Sketch it* 

C* Ribs Or Costae. Note in the articulated skeleton 
before you that the ribs arc thin, flat, curved, bony 
loops, 12 on each side, forming walls of Thoracic 
Cavity. Note that beliind they are united to the 
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Dorea-I vertebrae at two places, viz., (*) by their heads 
to the sides of the Dorsal Vertebrae and {«• by their 
tubercles to the transverse processes. 

N. B. Dots that the 11th and 12th rib* hare no tubercles, and* so do not 
J articulate with the traasverse processes. 


Noto that in front, each of the upper 7 pairs of ribs is 
joined to the breast bone (Sternum 'J directly by a small 
cartilage called Costal Cartilage, next 3 pairs are joined 
to the sternum indirectly by the costal cartilage of the 
lower rib joining to the costal cartilage of the upper rib 
i. e. that of the 10th to tho Costal Cartilage of the 9th; 
that of the 9th to that of the 8th, and that of the 8th to 
that of the 7th, which joins directly to the Sternum. 
Honcc 8th, 9th, and 10th rils unite indirectly to the 
Sternum. Last two pairs i. c. 11th and 12th, do not 
unite at all to the Sternum, hence called the Floating 
or Free Bibs. The first 7 pail’s are called True Bibs. The 
last five pail's are called False Bibs, out of wliicli last 
two pail’s are also called Free or Floating Bibs. 

Note that the ribs ary not placed Jumzontally but are inclin¬ 
ed downwards and forwards, and their surfaces do not 
look forwards and backwards, but look forwards and 
downwards, and upwards ard backwards, i, e. in their 
front pa its the anterior surfaces look forwards and 
downwards, and posterior surfaces look backwards and 
upwards. 


N. Bp TJiis doubly oblique direction of ribs play ft a very important 
part in tlie act of lireatbiue 

Draw a typical rib t*. g. 7th, and label the following parte: — 

(£) Mead, t he posterior end, (»*) Neck , a narrow part 
beyond head, {iit) Tubercle, a projection beyond 
neck, {ip) Body or Shajt, the curved part beyond 
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Tubercle ard (’) Sternal "End, the anterior ex¬ 
tremity, which unites with costal cartilage. 

D. Sternum or Breast Bone. Draw the breast bore 

a.rd note that it lias two parts :— 

(*) Upper smaller part, more or less quadrilateral, 
broad above and narrow below, called Matm* 

v <■ r 

brium Sterni i. c. Head of Sternum. Note the two 

.1 * 
j 

facets- on either side for articulation with the 
Collar Bone ard first Costal Cartilage, Also 
note the half facet fm the dial Cost a] Cartilage. 

H- 

(n) Lower bigger part, tapering below, called Body 
or Shaft. Note the five facets on its each side 
for the five pairs of costal cartilages and the 
half facet for the 2nd Costal Cartilage on its 
upper edge on each side. 

fiii) In the Jiving body there is also a third part of 
the bone which is most often made up of cartilage 

called Xiphoid Cartilage or sometimes made up of 

+ 

bone called Xiphi-sternum. 

E. Upper Extremity or Upper Limb. Note in the. 

articulated skeleton that each upper limb consists of 
the following hones:— 


Clavicle or Caller Bone j t(1 ^ tl)0r fonu t ] M! 

„ . I Shoulder girdle 

Scapula or Shoulder Blade ( 

Mumerut or Bone of the Upper Arm. 


Ulna 

Badiue 


Bones of the 
Fore-arm. 


Carpal or Wrist bones 
Beta carpal bones in the Balm 
Phalanges or finger bones 


Bones of Manus 
or the Sand. 



1. CLAVICLE OR THE COLLAR BONE. 

Select it and.note that it is a long buitc having two ends 
and one body or shaft with two curves. Medial end 
articulates with the sternum and is called the Sternal 
J3»d winch is triangular ; lateral end articulates 
with the Acromian Process of Scapula., and is 
flattened ; hence called the Acromial End. 

You can distinguish the right from the loft by noting the 
following:— 

r 

(i) It lies horizontally in the hotly with its acromial 
flattened end externally, and its rounded 
triangular sternal end medially; internal curve 
has convexity forwards and external curve 

m. 

has convexity backwards. 

(«) There is a well marked grove on the under 
surface. 

♦Sketch the bone and label its parts. 

2. SCAPULA OR SHOULDER BLADE. 

Note its triangular shape with the vertex at the outer upper 
angle and its base at the vertebral border. At its 
vertex note the smooth shallow cavity ™Glenoid 
Canty —for the head of the 111111101 x 13 . Also note 
that there is a ridge of bone on its back surface— 
Spine —which is prolonged outwards into a process 
—Acromial Fractal —which unites with the clavicle. 
The back surface is convex and the front surface 
is smooth and concave, Note the beak-shaped 
process at its upper border— Coracoid Froce**. 

Identify the right with the left by noting:— 

(i) Glenoid Cavity is at its upper outer angle, 





(«) There is the spine at its back surface on its 
upper part. 

(Hi) Coracoid process is at its upper edge, 

Sketch the hone and show all the points. 

3. HUMERUS OR BONE OF THE UPPER ARM. 

It is the longest and largest hone of the upper limb with 
an upper ai d a. lower end and a body or shaft in 
between. Distinguish the right from the left :— 

(t) The upper end is round (head) and is pro* 
jectod medially for articulation with the 
Glenoid cavity. 

(it) The hover end is pulley-shaped with a single big 
depression— Oteej*«»ow Fossa —for the Ole¬ 
cranon of Ulna on its hack surface. 


Sketch it. 

4. BONES OF THE FORE-ARM. 

(«) Vina or the inner hone, i.e. the bone towards the 
little finger. 

Note that at its uppor end it has a beak-shaped projec¬ 
tion called the Olecranon Process behind and 
a smaller Coronoid Process in front; and there 
is the smooth articular surface in between them 
with concavity forwards. Its lower end is very 
small and has a small projection (.Styloid Process) 
on its inner part. 

Determine the side by;— 

(*> Olecranon is at its upper end with concavity 
forwards. 

Ir 

(i'i) Styloid process is at the smaller lower end at 
its medial part. 
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(in) There is a smooth facet for the revolution of 
the head of the radius at the outer aspect 
of the upper end. 

f»i) The sharp edge of the bone for the Inter- 
Osseus Membrane is at its outer side. 

It is the longer of the two bones of the fore arm. 

(A) -Radius or outer bone i,e, the bone towards the Thumb. 

Note in tliiw that, unlike ulna, the uppar end is smaller 
and the lower end is bigger. The upper end is round 
and lias a cup- shaped depression above for arfciclula- 
tion with tl 10 humerus, and the rounded collar 
like edge of upper end revolves on the facet at 
the outer side of the ulna. Determine the side. 

(i) Upper end is smaller, round and cupped. 

(«) Lower end is bigger and lias a smooth surface 
in front; and a grooved surface for the pass¬ 
age of the tendons behind. 

(m) Styloid process at its lower end is situated 
laterally. 

(to) Sharp edge of the bone is directed medially. 
This bone is shorter tlian the Ulna. 

Note tliat in between the Styloid Processes of both bones 
there is a protected space into which four Carpal Ixmes 
of the First or Proximal row fit. 

5 . BONES OF MANUS OR HAND, 

(«) Wrist Bones or Carpal Bones. Thoy are eight, 
short cuboidal bones, arranged in two rows of 
four each. They slide over each other to allow 
a free range of movements. 

(&) Meta-Carpal Bones or the Bones of the Palm. 
They are five in number and are small sized long 
bones forming the palm of the hand in between 
the carpal and the finger bones. 
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. (o) Phalange* or hones of Fingers. Tit rf are three 
- in each finger and two in the thumb. Note 
how they are united to each other end to end. 
Draw 'a diagram of the whole hand. 

The teacher should pick up ramus bone® out of the Tot and should 
ask students to identify the bo nets* and the side to which they belong 
to test their knowledge, 

F. Lower Extremity or Lower Limb. —Note in 
the articulated skeleton that each lower extremity 
consists of the following bores:— 


Pelvic, Innoniinate 
^ or Hip Bone. 

femur or Thigh Bone 

Patella or Knee Gap. 

Tibia or Shin Bone. 

Fibula or Splint Bone. 

Tarsal or Anile Bones. 

Meta-tarsal or Bones 
of the Instep. 

Phalanges or Bones oj Toest I 

1 . OS- 1NNOMINATDM OR HIP BONE. 

It is a big irregular bone and is formed by the fusion of 
three parts which meet in the centre where they form 
a cup like depression called Acetabulum, on the outer sur¬ 
face, into whicli the head of Femur fits forming hip joint. 
The upper broad expanded portion is called Ilium (c. f. 
Ileum— a part of the small intestine.) The lower thick 
part forms a prominence on which we set and which 
touches the ground, and is called Ischium', and that pa 


Forming one half of 
Pelvic Girdle. 


f Bones of the Calf 
\ the Leg. 


or 


Bonos of the Foot or 
] the Pes. 



J6 


o ■ 


i 

which meets in front with its feiiow of the 
called Pubis forming the Pubio Orest. 


opposite'side is 




One can feel in his own body all these three parts, 
To determine the side note:— 


0‘t Acetabulum looks outwards. 

(i»J lliutn is directed upwards. 

(Hi) Pubis is directed forwards ard medially. 

(*ej Ischium is directed downwards. 

Sketch and label its parte. 

2. FEMUR OR THIGH BON E. 

This is the longest ard the strongest bone in the body. 
It has a shaft or body ard an upper and a loieer end. 
The upper end has a rounded ball-like head joined to the 
shaft by a narrow neck. The lower end has got two 
big prominences called Condyles, 

Note its various parts: 

(1) Head 
(?) Neck. 

(3) Two Prominences on its upper end called 
Trochanter majus and Trochanter minus, 

(4) Shaft or body, 

(5) Lower end with two condyles. 

Determine the side by: 

(i) The head is directed upwards and inwards. 

oo The Shaft ai d the lower extremity are convex 
forwards. 

{tit) There is a thick ridge or line at the back of 
the shaft called Linea Aspera. 

i* 

,11. PATELLA OR KNEE-CAP. 

p 

Jt is a small rounded disc-like bone in front of the 
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Knee-joint. It can be moved from side to side when the 
leg is extended and the muscles are relaxed. It is a 
bone through which the tendon of the muscles in front 
of the thigh gets attached to the Tibia. 

4. BONES OF THE LEO. 

(a) Tibia or Shin Bone. Of the two bones of the 
leg it is the stronger and lies on the inner side. 
It lias an upper erd, a shaft, and a lower end. 
Upper rad is flattened and shaped to receive 
the condyles of the Femur. Shaft is triangular 
and its front edge is sharp and projected 
below the skin, popularly called 
Lower end has a prominence on its inner 
surface - the Internal Malleolus— and a part of 
the lower end articulates with the Astragalus to 
form the ankle-joint. 

Determine the side by:— 

{*1 Head is upwards and flattened. 

{it) Sharp sub-cutaneous margin of bone (shin) is 
forwards. 

(it*) Malleolus is inwards. 

Sic etch the bone, 

(A) Fibula or Splint Bone. It is a slender bone lying 
on tho outer side of the leg. It lias its upper 
end in cuboidal form and its lower end is elong¬ 
ated and forms the outer prominence called 
the External Malleolus of the Ankle. Its 
upper end joins with Tibia below the knee-joint 
so that the Fibula takes no part in the formation 
of knee-joint t unlike elbow joint. Also unlike 
radius to which it corresponds, it doee not 
rotate round the Tibia. 

Determine the side by noting:— 

(*) Head is small and cuboidal, and is directed 

upwards. 



18 


(tt) Lower end is (’jiiojigattfl W-'d srticuJfii' 

facet on it in directed inwards. 

(Hi) Little rye-like depression at this facet is 
near the hinder holder, 

r>. HONES OF THE PES OH FOOT. 

Tarsal or Ankle Bones. They are seven in 
number, unlike eight in the upper limb. 
Note tlmt in between the two malleoli! 
of Tibia and Fibula and under tire articular sur¬ 
faces at the lower ends of these two bones you soo 
a tliick bone called Os Astragalus or Talus bone. 
This is the bone which forms the ankle joint 
with Tibia and Fibula.; ard flexion and 
extension movements take place. Tiiis bone 
(Astragalus), in turn, is placed on another 
important bone—the lowest bone in the 
body— called Os Colds or Os C hlcaneons or 
JTeel Bone which is projected behind to 
which is attached the strong Tendon of 
Achilles or Tendo Achilla of the muscles of 
the calf. 

Meta-tarsals, Five in number. Note that 
they are shorter and thicker than the 
metacarpal?, as they have to support the 
body weight. 

Phalanges. Arc 14 in number (c.f. Phalanges 
in hand) They are small and tliick. 

Draw a flizigrum of the foot as Keen from above. 

Note the two arches of the foot, a Transverse and a 
Longitudinal arch. They are meant to absorb the shock 
in walking and jumping, and give elasticity and 
. smoothness to our gait. 

N.B. The teacher should also Select various hones and should ask the 

Students their names and the sides and how they fit into the body. 
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APPEARANCE OF A DECALCIFIED BONE. 

Expt. I. Got a piece of fresh bone from a butcher's whop. 
Feel how bard it is. You can neither bend it easily 
nor press it. Weigh it and record its weight in your 
notebook with date. 

Next place it in dilute hydrochloric acid (2 %) in a glass jar* 
If necessary after a few days’ interval, change the acid. 

After a week or two take it. out of tlio add, diy it, and again 
record its weight. Note the difference in weight. It is 
lighter, more fJcxiblo and soft, and can lx 1 turned into 
shreds showing its fibrous nature. You can now bend 
it in any direction. Account, for the difference in 
weight and flexibility. 

N. B. Tho reason for the above change is that the dilute hydrochloric 
acid has acted upon and dissolved the earthy mineral salts, especially of calcium, 
which pervade thfc bone and make it hard i.e, the bone lias become decalcified. 
After this change, only the organic matter remains which can be bent* 

Next place the decalcified, flexible bone in lime water 
and chango tho lime water daily for a long period. Note 
the difference, if any, and explain. 

Calcium may again get entangled with the organic matter and so the boos 
may become hard. 

Expt. II. Next take another piece of bone. Weigh it and 
record. Then place it in an iron spoon and keep it in 
the middle nf red-hot fire for 20 minutes. See that it 
becomes brittle and crumbles to a wliito powder on 
touching. It retains its shape. Weigh it, and note 
the difference. You cannot now bend it, but you can 
easily break it. The organic matter is all burnt and the 
mineral matter i.c. the calcium salts, remains as the ash. 



From these exporimente write roughly the couipositioii 
of the hone. What is the difference in the composition 
between the tore of a small child and that of an old 
man % 

Iw old men the bones contain more calcium and leas organic matter, hence they 
are easily broken. In children they contain more organic matter endless calcium 
and so they do not easily break but got bent, hence the Green-stick fracture 
in them* 


From these two experiments what do you infer regarding:— 
(<i) the proportion of organic ard inorganic matter 
present in the tone, 

aril (ft) the function of organic ard inorganic matter in 
the bone? 

The teacher should explain to the class why we did not use strong hydro- 
chloiic acid is the first experiment, as it would have burnt the organic matter 
also* 
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TYPES OF JOINTS. 

When two or more bones meet together they form what 
is called a. Joint or Articulation. Joints arc divided 
into two classes:— 

(1) Immovable or Fixed Joints. 

(2) Movable Joints. 

IMMOVABLE JOINTS. They are classified into:— 

(а) Sutures and 

(б) Symphysis. 

(«) Suture*. These are formed by the inter-locking 
of tho bores of the skull. These bones are 
firmly united together by a saw-like edge of 
one bone interlocking with tlie similar odge 
of the other tone to form a bony union 
called Suture*. These joints permit little 
or no movement. The object of these joints 
is to give considerable strength combinocl 
with rigidity to the bones protecting the 
brain inside. 

(b) Symphysis. Here tho articular surfaces are 
covered by an articular cartilage and are 
connected by a broad disc of fibrocartilage 
e. g. Symphysis Pubis, and tho joints between 
the bodies of the Vertebrae. The bones are 
firmly joined together by ligaments. Slight 
movement is possible in such joints. 

MOVABLE JOINTS. These joints allow one or more of 
the following movements:— 

(1) Flexion:—Bending of a joint. 

(2) Extension:—Straightening of a joint. 



(3) Adduction:—Movement towards tJie mid-line of 
the body; or, in the case of fingers and toe?, 

towards the jnid-iino of hand or foot. 

(4) Abduction:—^Movement away from the mid-line 
of the body or, in the case of fingers and to op, 
away from the mid-line of hand or foot. 

(r>) Rotation:—Movement along the long axis of 
the movable bono or movement round the 
long axis of the fixed bone. 

00 Circum-duction:—Combination of all the 

above movements. 

The movable joints are classified into:— 

( 4 ) Ball and Socket Joint. In tliis the rounded ball- 
like head of one bone fits into the cup shaped cavi¬ 
ty of the other bone e.g., hip and shoulder joints. 
Tliis kind of joint allows all the movements. 

(A) Hinge Joint. The bones are united like tire 
hinge of a door and like that allows only two 
movements, flexion and extension, e.g. knee, elbow 
and inter-phalangeal joints. 

(e) Bitot Joint. In this joint:— 

(i) Either one bone f onus a fixed pivot around which 
the other hone rotates like a ring (the ring 
being formed pai tly of bone and partly of liga¬ 
ment) e.g. the joint between Odontoid process of 
Axis and the Anterior Arch of Atlas by which we 
move the head from side to side i.e, the Atlas 
(ring) carrying the skull with it moves round 
the Odontoid Process of axis (pivot). 

(ii) Or the pivot-like process of one bone rotates 
within the ring formed-partly by the other bone 
ar.d partly by ligament e.g., the proximal radio* 
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* 


ulnar joint by which the movements of supination 
and pronation occur (i. e. movoment of the 
foreaim with palm upwards or with palm 
downwards). Here the round head of radius 
revolves in the ring formed by the radial notch 
of the ulna and the annular ligament. 

(d) Gliding Joint. In this joint the various bones form¬ 
ing the joint glide or slide over each other o.g. in 
joints between carpal and tarsal bones, jaw-joint, a 
joint between acromial erd of clavicle and 
acromial process of scapula, joints between arti¬ 
cular processes of the vertebrae etc. 


Study all the joints in yr.ur body and tabulate its under:— 


Name of the joint. 

Type o£ tho joint. 

Botiee forming 
the joint. 

Movements allowed 

■ 

■ 

| 

i 

1 

1 

! 

i 



Get from the butcher’s shop a shoulder or an elbow joint 
of a slieop ai d study the mechanism of joints. Note 
that the joint is covered all round by a bag like thing 
called the Capsule oj the Joint which is made of fibrous 
tissue. This capsule is at some places much thicker, 
and these thick and firm bands arc called JJgamenls 
of the Joint. Also note that the bones forming the 
joint are not bare but am tipped with a very thin 
plate of cartilage called Articular Cartilage. Also see 
that the whole of the cavity formed by the capsule is 
lined by a thin membrane called Synovial Membrane 
which secretes a Joint OJi’ 1 or Synovial j Fluid which lub¬ 
ricates the joiht. ■ 

Make a diagram of this joint showing all these details. 
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NATURAL LEVERS 

A lever is a rigid bar or rod which moves about a certain 
fixed point, called Fulcrum H F’\ The force spent 
in using the lever is called Power “P", and the work 
done or resistance overcome is the weight "W”, TJrus 
a lever is an arrangement for applying foi-ce in the 
easiest possible manner so as to cause movement or 
overcome resistance. The chief movements of the 
limbs ai d bead performed by the skeletal muscles 
arc examples of the principles of lever. 

The ratio which the work done by a machine bears to the 
power spent is called the Modulus or Mechanical Advan¬ 
tage of that machine. The Modulus is positive when the 
ratio is greater than 1, or negative when it is less 
tiian 1, i.o. when modulus is greater than 1, there is 
mechanical advantage in using the machine, and 
when modulus is less than 1, there is disadvantage 
in using that machine. Tire distance between ‘‘F’’ 
and 'T” is power-arm, and that between "F” and “W’* 
is weghtarm,. Suppose “P M denotes power spent, and 
“W donotes the work done, th.cn 

Px Power arm is always equal to W x Weight-arm. 

. W _ Power-arm 
i.c. p Weight-arm 

W 

But p- — Modulus of tire machine. 


Honco Modulus **M 


Power-arm 

Weight^ann 



Level's are divided into three kinds or orders 


to the relative positions of F, W and P. 


according 





First Order. Here F is between W and P. The common 
balance, or the pair of scissors, is a very good exam¬ 
ple of it. In such a lever any arm may be bigger or 
both may t>c equal, so M — 1 or less than 1 or greater 
than 1. 

Study the following examples in your own body :— 

(a) Nodding movement of the head. Here the Fulcrum 
is the joint between the condyles of tho Occipital 
bone and the Atlas Vertebra, and the muscles 
in front and back of the neck attached to the 
front and back of the skull are respectively the 
Power and- the Weight, as tho 3 lead is moved 
forwards; ''and vice versa, when the head is 
moved backwards. 

(5) Extension o f the fore-arm by triceps at the back °f 
the arm. Triceps is attached to the tip of the 
Olecranon of Ulna. Then adjacent to it is the arti¬ 
cular surface of the Ulna forming tho elbow joint. 
Tn front is the weight of the fore-arm and hand. In 
straightening the forc-ann Power is oxeited by 
the Triceps at tho tip of the Olecranon, and Ful¬ 
crum is the elbow joint in the middle, and the 
weight of the fore-arm and the hand is at the other 
encl P is applied at the end of the short arm, 
thus secures rapidity of action and a wide range 
of movements. 

(c) Wording on a sewing machine with foot, F is at the 
ankle-joint, tendon of Achilles attached to Os Cal* 
cls (Heel hone) is the P, and Weight is at the toes 
where the machino is pressed down. 

Sketch these Allowing F. W. and P. 

Second Order. Here W is between F and P. 

In this FW (Weight-arm) is always smaller than FP 
(Power-arm), so M is always greater than 1 i- e- 
there is always mechanical advantage in using this 
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machino. Common example ill daily life if* a man lift¬ 
ing a wheel-barrow or breaking a nut with a nut¬ 
cracker. Note the following examples in your own 
body:— 

(а) Rat tiny the body on the toe*. AY hen we stand on 
tip-toe, the calf muscles raise the body by apply¬ 
ing force at the Os Coleis through the tendon of 
Achilles and the Weight is that of the whole body 
transmitted through the ankle-joint. Fulcrum is 
the spot where the toes touch the ground. 

(б) Lifting one leg oft the ground. .Til this hip-joint 
is the Fulcrum, Weight is that Kf the thigh, leg, and 
foot, felt a little above the knee joint and Power is 
applied by the muscle wliich extends from lap-bone 
to knee-cap at tibia a little below tho knee joint. 

Sketch showing F. AV, and P. 

Third Order. 

Here P is between F and AV. In this FP (Power-arm) is 
always smaller than FAY (AVeighfc-arm) i. e. M is 
always less than 1 i. e. rapidity and a, wide range of 
movements arc gained at tho expense of powor in using 
this machine. 

Common example in every day life is holding anything 
by a pair of tongs. 

Note the following in your own body 

(o) Bending the fore-arm. In this F is at tho el bow-joint, AV 
about the middle of tho foro-arm is the weight of the 
hand and the fore-arm, and P is applied by the Biceps at 
the Radial tuberosity in between tho middle of the 
fore-arm and the elbow joint. 

(6) Extension ot leg after bending. In this F is at the 
.knee-joint, leg and foot are the weight to be moved, 
and P is applied at Tibial tuberosity by the extensor 
muscles of the thigh in between the knee-joint and the 
middle of the leg. 
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Sketch these showing F. W. and P. 

Study the following movements, sketch them, showiiig 
the positions of F, W and P, and thus deduce to which 
kind of lever each belongs and tabulate as under:— 

1. Canning a lieavy ball in the palm. 

2. Bending of the log. 


Movement- 


Position of P, W aud P, 


Order of the Lever. 
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VISCERA IK A DISSECTED BABBIT. 

Note that there are two large cavities in the trunk which 
are separated by a dome-like partition made up of 
a muscle called Diaphragm. Note its convexity towards 
the upper (Thoracic) cavity, and its con-cavity towards 
the lower (Abdominal) cavity. 

Study the organs in both the cavities separately, first in 
an undisturbed condition (i.c. in situ), ard thonby 
displacing them or even, if need be, by dissection. 

1. Abdominal Viscera. 

(A) IN SITU (UNDISTURBED). 

Note that all the organs in this cavity are enclosed by a 
thin membrane which forms a cover for all, called the 
Peritoneum. Cut the peritoneum in the middle and 
reflect it on either side, and note:— 

(t) Liver. A large dark red mass lying just un¬ 
derneath the diaphragm Laving five parts 

i 

or lobes. In human beings there are only two 
lobes, left smaller than the right. Liver 
is mostly on the right side. 

( 2 ) Stomach. It lies in the mid-line, is of a bluish 

white colour, sometimes distended with food 
and is partly covered by Liver. Only a small 
portion is visible in situ. 

(3) Small Intestine. Note several coils of a win- 

I* 

tish worm-like tube slowing waves of contrac¬ 
tion (Peristalsis) in a freshly killed animal. 
These are also mostly distended with gas. 
They are partly covered by the large intestine. 

(4) Large Intestine. It is a wide sacculated grey 

coloured tube covering most of the abdominal 
viscera and runs across the abdomen. 





(5) Urinary Bladder, In the mid-line at fcho lower 
part of the abdomen you may see a thin wailed sac 
partly visible and partly hidden behind the symphy¬ 
sis Pubis. It can bo easily seen coming out from 
behind the Public bones when full of urine. 

Draw a diagram of the abdominal viscera in situ, 

(B) DISTURBED. 

(1) Tilt the liver upwards and note on its under sur¬ 
face a green elongated pjar-shaped bag known as 

the Oall Bladder. 

00 Pass your finger from the front surface of the 
stomach upwards and towards the left, you will 
note that the stomach decreases in width till it 
pierces the Diaphragm. This is the junction of the 
Outlet with the stomach called the Cardiac 
Orifice. This is the tipper end and opening of 
the stomach. Also note the lower end called the 
Pyloric Orifice which is towards the right of 
mid-line, where it joins with the small intestine. 

(3) After turning the stomach upwards you will find 
on its under surface and a little towards the left 
the Spleen which is small, flat, dark-red and elongated. 
It is attached to the cardiac end of the stomach by 
a sheet of peritoneum. In human beingB it is to the 
left of the stomach and not under it, and is ranch 
larger. 

(4) Trace the small intestine from'the pyloric end to its 
junction with the large intestine. 

(a) The first part is called the Duodenum. It forms 
5 aC shaped loop with its concavity towards the 

left It ends at a sharp bend. In its con-cavity 
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you can easily see a white and elongated, diffuse 
gland called the Pancreas consisting of a number 
of small lobules looking like masses of fat spread 
all over the mesentavy which connects the two 
limbs of the duodenum. 

(ft) Also noto that a tube—the Common Site Pact — 
outers tho dorsal side of the doudenum by a pro¬ 
minent aperture a short distance beyond the 
pylorus. Sec that the common bile duct is form¬ 
ed by the union of several Hepatic Dart* from the 
lobes of the liver with the Cystic Duct from tho 
gall-bladder. 

( c ) Noto that the small ducts from the various lobules 
of the pancreas mn together to form the main 
Pancreatic Duct which opens, independent of the 
common bile duct, into the distal limb of the 
duodenum nearly two inches boyond the bend. 

(d) Tho remaining part of tho small ini+'stine beyord 
the sharp bend is called the Ileum (c. f. spelling 
of Ilium—a part of lnp bone). Sometimes the 
first one-third of this Ileum is called the jejunum 
and tho remaining two-thirds is called the Ileum. 

At the junction of tho ileum and the large intestine note a 
valve called the Ileocaecal Valve. The whole of the 
small intestine is 7 or 8 feet Jong. 

(o) Then examine the large intestine. 

(«) The first part with which the ileum joins is the 
thin-walled blind gut or Caecum. See that it 
is very wide and is dark grey in colour, and lies 
coiled on itself. It is recognized by having a 
J spiral constriction throughout its length. It ends 
blindly in a email finger-like Vermiform Appendix. 
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Note that tho ileum joins the caecum about an 
inch from the end opposite to the vermiform 

* t 

appendix 1 /ahd that the large intestine beings from 

tho same end. Caecum is much larger in rabbits 

1 

than in man. 

(*> The second part which inns obliquely across tho 
abdomen is the Colon. Its walls arc sacculated and 
is about 1$ feet long. It is narrower than tho 
caecum. 

( c ) The colon passes insensibly into the third, still 
narrower part called the Reclnm, It is nearly of 
the same diameter as the small intestine. It is 
the last part of the large intestine and is easily 
recognised by its containing pellots of faecal 
matter hem and there. Its walls are not sac¬ 
culated. 

Compare the positions of the different parts of the large 
intestine of Jinrnan beings with those of the rabbit 
by looking at the Physiology chart. 

Next turn all the intestines to your light., and see the 
organs at the posterior wall of the abdomen. It 
may be necessary to do a little dissection. 

Note that:— 

(I) There arc two bean shaped dark-red organs— 
the Kidneys —attached to the dorsal wall, 
one on either side of the vertebral column. 
Tho right one is slightly more towards the 
thorax than the left. In front of each towards 
its inner side one may note a small yellowish 
body— Adrenal or Suprarenal Gland*— on 
■ ■ either side of the Aorta. 
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(2) Seo carefully tho inner margins of both the kid¬ 

neys, You will find that from epch a fine white 
-tube passes downwards, Traps them below and 
nee that they enter the Urinary Bladder, These 
are called the Ureter*. See also the blood 
ves-sels of the kidney, the thick reddish artery 
entering in, and the bluish vein coming out. 

(3) Note that the intestine is hung up to the post¬ 

erior wall of the abdominal cavity by a double 
layered thin transparent membrane-—the Me¬ 
sentery. This thin membrane also covers all 
the abdominal viscera and is then called the 
Peritoneum. 

Kxamino one of tho coils of the small intest¬ 
ine. Passing from its border is a. thin trans¬ 
parent membrane containing blood vessels. 
Tliis membrane attaches the intestine along 
its whole length to tho vertebral column at 
the back of the abdomen. This is called tho 
Mesentery as explained above. 

(4) Going by the side of the vertebral column note a 

big blue blood vessel called tho Injerter Vena 
C**va. Also see the abdominal Aorta—a big 
red thick blood vessel entering the abdominal 
cavity after piercing the diaphragm at the 
back of tho stomach, downwards a little in 
front of tho vertebral column. 

Next note the three openings in the diaphragm viz:— 
tho first for the gullet, the soctmd for the abdominal 
aorta; and the third for the inferior vena cava. Out of 
these, the hole for.the aorta lies most posteriorly and a 
little to the left of mid-line; the bale for the gullet lies 
most anteriorly and in tho middle or a little towards 
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the loft; and that for the inferior vena cava lies behind 
the liver much to the right side of the mid-line. 

Make a diagram of tfie posterior abdominal wall with the organa 
you eee there. 

(5) Urinary Bladder, It is a thin walled sac in the lower 
part of the abdomen, 

Vi 

((>) Spire#. It is an elongated dark red body lying bohind 
the stomach and attached to its loft, end by a sheet of 
the mesentery. 

2. Thoracic Viscera. 

Examine the thorax and pee how it is made. It is a bony 
cage made up of 12 dorsal vetebrae, 12 pairs of ribs 
and a breast bone. 

(1) The first thing you see in this cavity is the Heart. 

It will be found beating in a freshly killed 
rabbit. Mark that it is lying more to the left than 
to the right of the mid-line of the body. Also noto 
that the organ is completely covered in a thin trans¬ 
parent sac called the Pericardium, 

v 

Remove the pericardium by dissecting it. Then note 
that the heart is dark in colour and conical in 
shape, the apex being directed downwards and 
slightly to the left and forwards; and the base 
with the roots of the great vessels upwards and 
slightly to the right and backwards. If the heart 
is still beating you can easily note that the upper 
part thereof (Auricles) contracts first and the 
lower part (Ventricle?) afterwards. 

(2) On either side of the heart you see a big spongy 

reddish organ of respiration called the Lung. 

(8) Coming down the neck and entering the thorax one 

can easily see a tube which as it 



34 


goes downwards divides into two brandies, 
(mc going into each lung. This rigid tube 
iw known sis the Trachea and its branches arc 
called the Bronchi {sing, Bronchus). Rigidity 
of the trachea is due ifs containing in its 
Avail C shaped rings of cartilage deficient 
behind. 

Note:—The teacher should explain to tlie daes why tha Hugs of llio 
caitiia^e aro deficient behind. 

(4) Behind the trachea one can see a soft tube which 

continues from the nock into the thorax 
ai d crosses the cavity in the mid-line, and 
loaves by piercing the diaphragm. This flexible 
tut jo is called the Food pipe or the Gullet or 
the Getophatjm 

1S T oav you should examine the blood vessels entering 

apt! leaving the heart. In the upper chambers 
(Auricles) enter the following blood vessels:— 

On the right, side three big A'essels, Hue in colour-—i.e, two 

Superior Vera Cava from alovc and one Inf¬ 
erior Yera'Ca.\a from below; on tbe loft small 
Pulmnoiy Veil w Avhich are red in colour and 
two in i umber. From the lower chambers 
(Ventricles) come out two big blood vessels 
i.e. Pulmonary Artery, bluo in colour from 
the right, and Aorta a big red vessel, from 
the left. 

By pulling out a lung you can know that it is enclosed 

in a very tliin membrane called the Fleur a. 

Make a'sketch of the thorax showing its' contents 

and boundaries as seen from the front. Give 
_ ~■ , the functions of the various blood vessels 

- entering and leaving the heart. ... 

.. . . N..3, The description givec in this chapter is that of a rabbit lying on 
Itf! btfeV On the dissection 'board with its ventrom facing us uid bead" upwards 
and tail downwards. - ' .:. 





THE HEART. 


Get a plioep’s heart from a butcher art! see that it is 
wholly covered by a thin tvarsparent membranous sac 
. .called the Pericardium. Distinguish the front (Anterior) 
'"surface from the 1 ark (Posterior) one by:— 

(1) The apex of the heart is formed entirely by the 
left ventricle, 

(^) Tho intor-vortrieular groove is move distinct 
arc! quite well marked in front, 

(ii) Tho front aspect of the heart is more convex. 
This you can only see if the heart is quite 
hard and firm at tho time of the examination. 

Ttoniovo the pericardium by a little dissection and see that 
tho heart is divided by a white horizontal groove into 
an upper and a lower part. 

The upper part is smaller and collapsed, and is 
formed by the Auricles (looking like ear) or the 
• receiving chambers, and the lower part is bigger 
ard thicker and is formed by the Pentric'es or tho pro¬ 
pelling chambers. 

Place the heart with tho front side facing you and the 
auricular part above ard the ventricular part below. 
In this position note that tho apex is below ard tho 
t a-se of tho heart is above (tho shap3 of the heart being 
like a cone). On your right of the inter-ventricular 
groove is tho left ventricle forming tho apex, and on 
your left is tho right ventricle. Note .that tho walls of 
loft ventricle are tliiek ard firm as compared with 
tho right ventricle. Also note that the walls of the 
auricles are much thinner than those of the ventricles. 
Along tho auricles you will find deep-red or purple 
coloured fleshy masses called the Auricular Appendages. 



Next find out the blood vessels entering and leaving 
the heart. Into the right auricle open the Superior Vena 
Cava and tho Inferior Vena Cava. Into the loft auriclo 
open the two Pulmonary Veins (in human beings there 
are four instead of two). From the right ventricle 
comes out the Pulmonary Artery which then divides into 
two branches, one for each lung. From the left ventricle 
comes out a very big artery, the curved Aorta which 
supplies pure blood to the whole of the body. 

Draw a diagram of the heart showing the bood vessels 
leaving and entering it. 

Then cut the heart to show the inside of the four chamber’s 
of tho heart. Examine the inside of each. 

(1) The interior of tho auricles has some comb- 
shaped massos (JMusculi Peetinati), Pass 
a probe from the superior vena cava and 
inferior vena cava and see that it reaches the 
right auricle. Similarly see that tho two 
pulmonary veins from the lungs go into the 
left auricle. 

, (2) Note the opening Let ween tho right auricle 

and the right ventricle called the Right 
Auriculo Ventricular Orifice which is guarded 
by a valvo (a mechanism which allows 
blood to flow in one direction only) called 
the Tricuspid Valve with three flapi or cusps. 
Note that the three cusps are triangular 
in shape with their bases attached to the mar¬ 
gin? of the orifice. To the apices and the sides 
of tho flaps are attached very fine thread-like 
strings called Chordae Tendinae (Cord-like 
tendons) and these, in their turn, are attached 
to little raised projections of muscles on the 
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inside of the'* right ventricle called Musculi 
Papi Hares (g Papillary Mmoles, These are 
found in each ventricle. Also note that the 
chordao tendinae arc just long to allow the 
throe flaps to close the orifice, so that the flaps 
cannot fall into the auricle. 


(3) Note that the walls of the ventricles are 

more rough than auricles. 

(4) Next sec carefully the opening of the pulino* 

nary artery from the right ventricle. This 
opening is also guarded hy a valve called 
the Semilunar Valve (half moon). Note that 
the valve consists of three pockets or cups 
appearing liko half moon which open 
towards the artery and are attached 
towards the ventricles. These pockets allow 
the blood to pass over them from the 
right ventricle to the pulmonary artery, 
but when the blood tries to go back from the 
pulmory artery to the right ventricle (i.o. 
when the right ventricle is in a state of relax- 
tion), the pockots get filled with blood and moot 
in the centre, and thus the opening is closed. 

(5) Running across the cavity of the right 

ventricle you can also see a muscular band- 
wbich extends from the anterior wall to the 
ventricular septum. It prevents over-disten¬ 
sion of the ventricle ard so is called the 
Mode rater Band, This structure is absent in 
human hearts. 

(o) Next examine the left auricle and the left 
ventricle and see all the structures which you 
saw on the light side excepting:— 

(a) Instead of superior vena cava and 



inferior vena cava there tire two pulmo¬ 
nary veins. 

i 

(b) The valve at the icft auriculo-venticuIfU' 
oponirg is the Bicuspid or the Mitral voice 
formed of two cusps only. 


(e) Tiio moderator hand is absent. 

(d) The cavity of the Jeft ventricle is bigger 
than that of the right ventricle. 


(«) The walls of the left ventricle are much 
thicker than these of the right ventricle. 

(/) Aorta comes out from tiio left ventricle 
instead of the pulmonary artery, and 
they cross each other after origin, pulmo¬ 
nary artery being in front. 

(g) The apex of the heart is formed by the left 
ventricle. 

■ s 

1, Sketch the dissected heart and the things fern. 2* Make a rough 
sketch of the heart and show the circulation of the blood through 
it hy arrow-head 4 !. 


THE TRACHEA AND THE LUNGS. 


Get from a butcher the trachea and tho lungs, of a sheep or 
*• goat. Examine the Trachea. See it is a tube which 

£, , 1 1 - -I 

left to itself remains widely opan. 

■i -> •- 

This is because it contains a (series of eartilnginous rings, joined to each 
otter, which are incomplete on one side i e. they are 0 shaped. 


This side where they are incomplete, is filled by- a thin 
membrane which forms the hack of the trachea and is in 
contact with the food p'pa 

‘Thfe tiicher ^herc should explain to the ehiss the value of these 
ring* in always keeping tho ti adieu open and why they are incompelete 
behind, 
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Trace the tiuchea below and nee that, it, divides into 
two branches (Bronchi), each bronchus going into 
each Jung. The place' where the bronchus on ten's 
the lung is called the Root of the hung which consists 
of a bronchus, a pulmonary artorv, a pulmonary vein, 
nerves and lymphatics. Note the smooth inner lining 
of the trachea. 

Lunge are soft, elastic, spongy structures somewhat coni¬ 
cal in form and of a pinkish colour. Note that 
each Jung consists of a number of lobes 
or parts (in human beings two in the left and three 
in the right). The outer surface of each lung is 
patchy and p’gmcntcd. Press it and see that it 
crepitates and some frothy fluid comes out. When 
released it resumes its position clue to elasticity. 
By bellows you can blow air into the lungs and see 
that they swell up and increase in size. If the 
lungs are placed in a trough in water they float. 
Why* 

Cut one lung holdly with a knife and see the openings 
of little bronchial tubes which are. pate]it here and 
there. Some blood vessels may also bo soon. 

Sketch the trachea, and the lungs shewing lobes etc. 

THE KIDNEYS 

Got a sheep’s kidney and proceed to examine it. * ■ 

<0 Note the general shapa. It is a dark red, 

bean-shaped organ. Its exterior border is 

convex and interior is concave. Its anterior 

and posterior surfaces are convex. About 
the middle of its inner border there is a 

depression or cleft called the Jlilum or the 

jfolua, the place where the three structures (the 

renal artery, the renal vein and the ureter) 

either leave or eiiter the kidney. 
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(2) Each kidney is covered by a very thin memb¬ 

rane called tie Capsule of the kidney . 

(3) Prom the three structures which enter the*, 

hilus, select a white tube ( Crete r) and sofr 
that it is wide as it comes out of the kidr- 
ney; and as it nine down, it narrows. Trace it 
down and see that it enters into the urinary 
bladder. 

Then dissect the kidney longitudinally from the outer bor¬ 
der to the inner into two halves. 

Note:— 

(a) The outer darker, and granular portion called 

the Cortex. The granular appearance is caused 
by the presence of Bowman's Capsules, or 
Malpighian Capsules. 

(b) The inner part lying next to the cortex is the 

Medulla. It is paler and lighter in colour, and 
is streaked in appearance. Note specially the 
conical, red, streaked masses with tneir ap ; ces 
inwards, and bases directed peripherally. These 
arc called the Pyramids. They are six in sheep's 
kidney and 12 in human kidney. These pyra¬ 
mids open into a funnel-shaped cavity formed 
by the expansion of the ureter within the 
kidney called Pelvis of the kidney. 

At the ap’ces of the pyramids one can see very minute 
openings which are the openings of the Uritti- 
ferous Tubules. Press the pyramids and you will see 
the urine pouring into the pelvis in tiny droplets, 

i 

The innermost part is the Pelvis of the kidney. 
The pyramids divide the pelvis of the kidney 
into a great many cup-like portions which are 
called the Calyces. The pelvi- communicates 
with the ureter. Pass a bristle from the pelvis 
into the ureter. Also see the blood vessels of 
the kidney. 

Sketch the, kidney as a whole and as dissected; and 

label their parts. 
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MODEL OF EYE 

Note, in the model of the oyo pul* before you on the table 
that:—- 

(11 It is a round ball-liko organ, to the hack of which 
its attached a stalk like tiling called the Optic 
Nerve. 

(2) (a) The anterior 1 /5th of the ball bulges slightly, 
being a portion of a smaller sphere, called 
the Cornea which is transparent*. Through this 
you boo a coloured, streaked, round curtain— Iris — 
having a cent ml very dark round hnlo in it called 
* the Pupil. 

(6) Tho posterior 4/511 i is thick, white, and opaque 
called tlm Sclerotic coat or the fibrous coot 
or the outer coat or th Solera. To its outer side see 
tho attachments of the six muscles of the 
eye-ball. The cornea is a part of tliis coat with 
this difference that it is thin and transparent. 

The teacher should explain the movements oi the various imudea of 
the eye-ball by telling their origins* and attachments, i- a. "the four recti and the 
two obliijue muscles. 

(c) Note that the optic nerve outers the interior 
of tho eye-ball by piercing the outer coat. 
What arc the uses of this coat? 

(Si) The Middle coat is tlio vascular coat because it sup¬ 
plies nourishment to the other coats. ]t is divided 
into two parts as follows:— 

(a) the hinder paid inside tho sclera is called 
tho Choroid. Note its black colour. Why? 

(A) Tho part seen through tho cornea and lying 
behind it, is called the Iris. It is like a 
cmiain and lies some distance behind the cornea, 
and is nearly flat. It ie not curved like cornea nr 
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choroid. Its colour differs with individuate, 
and races. It is ween to be made up of radiating 
rand circular fibres. 

to There is a rounded hole in the centre of the 
iris called the Pupil, It is through this holo that 
lays of light pass into the eye. Through the 
cornea you see the pupil like a round, agnail, 
vovy dark spot. The pupil gets bigger in shade 
and smaller in light due to the movements of 
the muscle fibres in the iris. 

The teacher should explain Ilow the contraction and dilatation ol the pupit 
id brought about by telling that there are two kinds of fibres, the radial and 
the circular* 

(n) Sec the rotating folds or plaits into which 
the choroid is thrown, before it passes into 
the iris called the Ciliary Processes, Between 
the ciliary processes behind and the corneoscleral 
junction in front there is a circular band of 
muscle called the Ciliary Muscle which arises from 
the inner surface of the junction of the cornea 
and sclera and passes backwards to lie inserted 
into the outer surface of the junction of the choroid 
and the iris. 

What is the function of the ciliary nrnsclo and the ciliaiy 
processes? 

Note that the optic nerve pierces the second coat also. 

U) 1 he Inncimoht cost [Retina^ is the neivous coat. 
Mark that it is only the expanded part of the optic 
nerve. It lies inside the choroid and extends 
forwards to the same length. 

(5) The Crystalline Zens :— 

See that it is placed just behind the iris and 
the pupil. It is biconvex, clear, and transparent. 
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It is wholly covered by a than transparent memb* 
rane called the Capsule of the Lem. It is held in 
place by a ligament attached to the outer surface 
of the capsule <>f the lens. This ligament in turn 
is attached to the ciliary processes which make the 
lens thicker or thinner during Accommodation, 

((>) Chambers;— 

The f pace between the iris and the cornea is the Anterior 
Chamber filled with a watery fluid called the 
Aqueous Humour, and the space between the lens 
and the retina is called the Posterior Chamber 
filled with a thick gelatinous fluid called the 
Vitreous Humour. 


The blood vessels in the eye-ball may also be seen. 

The teacher may obtain n sheep's eye and may place it in ice fora day or 
so. After that period it will become hard. Then with a sharp razor 
it may be cut cleanly from front to back into two equal halves. AH the 
structures mentioned above can bo easily seen in this. 

(O Sketch the eye-ball showing the three coats, two 
chambers, and the Ions. (2) Sketch the path taken 
by the light rays to reach the retina. 



MODEL OF THE EAR. 

Koto in the model of the ear provided, that it is divided into 
three parts; external, middle and internal ear. 

The External Ear. It consist of two parts:— 

(o) An outer expanded part which projects from tho 
head outwards called the Pinna or the Auricle which 
is popularly called Ear in English. It is thrown 
into elevations and depressions and is made up of 
cartilage covered with skin. It is to collect and 
direct the sound waves. 

(&) From it leads a canal inwards called the Eater- 
nal Auditory Canal which is cartilaginous in its 
outer part and bony in its inner part. These parts 
are covered by skin and mucous membrane res¬ 
pectively. Its outer opening (External Auditory 
Meatus) is open while its inner oponing is closed 
by a white thin membrane called the Tympanic 
Membrane or The Membrane of the Drum of the Ear. 
This separates the outer ear from the middle ear. 
The sound waves strike against it, and set it in 
motion. 

2. The Middle Ear or the Tympanum. 

This is a small cavity with four walls, a roof and a 
floor in the substance of the temporal bone itself 
as if it is excavated into the bone. Note that:— 

(1) The outer wall is mainly formed by the tym¬ 
panic membrane. 

(2) In its front wall near the floor and inner wall 
thcro is an opening of a tubo which runs 
forwards and inwards to tho pharynx called 
the Emtaehean Tube, So it connects the middle 





6ar with the throat to equalise pressure on both 
sides of the membrane of the drum; and saves 
the membrane from rupturing in case of sudden 
noise e.g. explosion, etc. 

(3) There are two small holes, each fitted with 
a membrane on the inner wall. The uppor 
and posterior one is oval in shape and so is called 
the Oval Window (Fenestra Ovalis) into which 
the foot-plate of the stapes bone fits. 

The lower and anterior one is round in shape 
and so is called the Bound Window ( Fenestra 
Rotunda ). 

(4) On its posterior wall there is a hole by which the 
dram is connected with the spongy bone behind. 

(6) The roof is formed by a thiD plate of bone which 
separates it from the brain which lice above it. 

(0) The floor is also formed of bone which separates 
it from the Internal Carotid Artery as it enteis 
into cranial cav f ity. 

Then see the things lying in this chamber. These are 
three tiny bones or ossicles, viz:— 

(*) Malleus 
(it) Incus 
and (tit) Stapes 

Note that the Malleus is shaped like a hammer, hence 
called the Hammer Bone and is the outermost bone. 
Its handle is attached to the centre of the inner side 
of the tympanic membrane and stretches across 
the cavity of the middle ear. This bone is attached 
medially to the Incus or the Anvil Sons which in turn, 
is attached to the Stapes or the Stirrup Bone. Note 
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that the foot-plate of the stapes is attached to 
tho upper and posterior opening on the medial 
wall of the cavity i. c. the oval-window. 

3. The Internal Ear or Iiabyriath. 

Koto that this complicated apparatus is constructed 
inside the pyramidal or Petrous portion of the? temporal 
bone. It consists of an outer structure made of 
bone called the Bony Labyrinth which completely 
encloses another inner stmoture of nearly the same 
shape which is made of thin membrane called the 
Membranous Labyrinth. The latter contains a clear 
watery fluid called the Lndolymph, and in the space 
between it and the bony labyrinth there is another fluid 
called the Perilymph, 

Next note that each labyrinth consists of three parts:- 

• 0) A central oval chamber called the Vestibule. 

Sec that it is placed opposite the oval window. 
Also see that there is an oval window on the 
outer wall of the vestibule which is fitted with 
membrane and into which the foot plate of the 
stapes gets inserted. In front and a little below 
the vestibule communicates with the spiral 
structure called the Cochlea. Above and behind it is 
connected with the three Semi-circular Canals. 

(2) Semi circular Canals, They arc three in number. 
Note that they lie in different planes at right angles 
to each other, one being horizontal and two 
VClticlo. 

Ni The teacher hero* should explain to the class how these canals 

Ifby giving the example of an open book standing vertically on ths table. 

Alfio mark that one end of each canal is dilated into a 

■ 

swelling-* 1 ailed tho Ampulla to tiie inside of which 
fibres pf a branch of the 8th (Auditor) nrnve are 
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distributed. See that each canal logins frmn tho 
vestibule and after forming a sort of semicircle 
ends in tho eamo. Also note that two canals 
unite before opening into tho vestibule, so that 
the three canals communicate with it by five 
openings (and not six). 

(3) Cochlea lies in front of the vostibulo and 
is like a snail shell in shape. It, is also 
hollowed out in the solid hone. There is 
a central pillar called the Modiolus, round 
which the long spiral tube winds two and a 
half turns. This spiral tube is divided into two 
canals, an Upper and a Lower by a thin, long 
bony partition which runs through the entile 
length. These two canals are connected 
with each other at the top of the spiral and 
no where else. At the other (j. e. the lower) 
end of the spiral tube one of those 
canals (i. e. the upper) opens directly into the 
vestibule; while the other(i.e. the lower), loads 
to the chamber of the middle car through tho 
round window. 

Remember that the membranous labyrinth 
is half in size to the bony labyrinth. In the 
fluid in the membranous labyrinth 
(i.c. Budolymph) some bony particles like sand 
iloat, called the Otoconia or Otoliths, Every 
movement of the fluid itself throws these 
minute particles of sand from side to side. 
The 8th nerve goes to tho internal ear, and 
its fibrils spread at last over the inner walls 
of the membranous labyrinth in two bran- 
chps, one going to the vestibule and tho 
^rtpullao at the ends of the semi-circular 
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canals, the oilier branch leading to the 
cochlea. On the central wall of the cochlea 
rest a great number of minute fibrils side 
by side called the fibres of Cortie, 

H.0. Tim teacher should explain to tha class tb© mechanism of hear* 
ing and the functions of Fibnt of Coptie,0tohths, and Oval and Round Windows. 

Make a drawing of the oar showing all these structures, 
and the path followed by the sound waves. 
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MODEL OF THE BRAIN 

Study carefully the model of the Brain placed before, 

you. One may inspoct it from above, from the sides, 
and from below. 

1. From above: —You soc two big parts of the 
brain separated by a deep cleft or fissure 
which runs from front to back. These two 
parts are called the Cerebral Hemispheres 
and the fissure is called the Longitudinal 
Fit sure. 

Each eovebrai hemisphere is divided into four main 
lobes;— 

The Frontal Lobe in front and lying under cover of the 
frontal bone. 

The Parietal Lobe in the middle, lying under cover of the 
parietal bone. 

The Occipital Lobe behind, lying under cover of the occipital 


The 4th lobe —the Temporal Lobe — lies under the temporal 
bone and is separated from the main lobes by a big 
fissure called the Lateral Fissure. 

Note how the surface of each hemi-sphero is thrown 
into furrows or depressions {Sulci) and elevations 
{Gyri), Also noto the grey colour of the hemispheres. 

2. From below :—Wo boo the Medulla with the six 
pail's of cranial nerves rising from its side, the Cere¬ 
bellum, the Pone and the under surf ace of the Cere¬ 
brum. Note that from the front part of the under 
surface of cerebrum thero come out the two Ol¬ 
factory nerves from the two Olfactory Bulbs. Abo 
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note the Optic Nerves and their crossing the Optic 
(Jhiatma. Under the mid brain see the rounded 
stalked small body called the Pituitary Body, and 
a little behind it arc two small globular swellings 
called the Optic Lobes. Most of the cranial 
nerves arc seen arising from this surface. 

Cerebellum is also called the Lesser Brain. It consists 
of two lateral he mi-spheres and the connecting 
Iol)c called the Isthmus. Its surface js also thrown 
into folds and its colour is grey like the cerebrum. 

Below the cerebellum one can see the lower-most 
elongated part called the Medulla Oblongata which is 
continuous with the Spinal Cord through the 
Foramen Magnum, Its colour is white (c, f. cerebrum 
and cerebellum). Above and in front of medulla 
oblongata, note a biidge-likc tiling called the Pons 
Farolii consisting of transveio fibres connecting 
the two halves of the cerebellum, and serves as 
a passage between the medulla oblongata and the 
nii-t of the brain. 

3. From side. You can see the temporal 
lobes completely separated by the lateral fissure 
from the rest of the 1o1h;s. 

Sketch the brain as seen from above* below, and side. Name the 
difleropt parts wen in each cas§« 
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RADIAL PULSE 


Pulse is the lift which you feel with your fingers when plac¬ 
ed on any artery against some bone or cartilage. Gene¬ 
rally we select the Radial Artery in the fore-arm, as it is 

placed superficially just underneath the shin on the 
lower end of the radius bone, (/The teacher should 

explain the anatomy of the radial artery). This is 

called the Radial Pulse. 

Do the following experiment on yourself or on your, fiiend:- 

(0 Place the tips of first three fingorc of your 
right hand on the lower part of the fore-arm on 
the front aspect in a straight line longitudi¬ 
nally just behind the proininance of the thumb. 
By gentle pressure you will feel the radial 
pulse rise and fall under your fingers. These 
are the pulsations of the radial artery. One 
rise and fall of the artery corresponds fn one 
beat of the heart. 

Count the pulac for exactly ono minute by the second 
hand of a watch, and record it. This is the pnlso rate 
per minuto. 

Make the person examined do a little exorcise, o. g. 
walking briskly, running round the class room, for 
two to three minutes or swinging of the hands as in 
drill. Count the pulse again immediately after and 
record it. Account for the difference. 



Let tho person examined take rest by sitting on a chair 
for ten minutes, count the pulse after this rest and 
record. 

Deductions:— 

{1) Heart beats about 72 times per minuto in a 
healthy person but anything between 65 to 80 
is taken as normal, pulse rate hoing more in 
women, children, and aged persons, and less 
in adults and men. 

(2) It increases by exercise and decreases by rest. 
It also increases in fever, 





respiration. 

1. Expose the chest and the abdomen of a friend and note 

that the act of breathing consists of regular series of 
movements. Note that, dining the act of inhaling, the 
cheat rises and the belly bulges out. Why ? It is wo 
because the diaphragm on going down during inhaling 
presses down the liver, the stomach, and tho spleen, and 
those in return descend into the abdomen and hence 
the bulging. 

This is immediately followed by breathing out, in which the 
chest and tho abdomen return to their ordinary size and 
get smaller. After tliat there is a panso and then the 
same set of movements is repeated. The first set is 
called Inspiration and the second is Expiration and both 
constitute Respiration. So one rise and fall of tho 
chest or the abdomen constitutes one act of respiration. 

{a) Count the number of respirations in your friend 
per minute by the second hand of the watch and 
record it. 

N.B. It is not necessary to expose the chest and abdomen 
for counting the respiration as this can be done by rounting the 
movements of rise and fall of the chest or the abdomen which con he 
easily Been even when he is in bed. 


(&) Count the pulse per minute also in the same friend 
and see that the ratio of respiration to pulse is one 
to four. 

II. Effect of Exercise on Respiration. 

Lot the same person do a little exercise as limning, 
or going up and down the stairs several times and 
count the respiration, and record. Note that the 
respiration increases after exercise. Why ? 



III. Effect of Rest. 


Tjet him take vest fnr ton minutes. See that the respi¬ 
ration comes again nearly to the original. 

IV. Effect of Breathing: into Lime-water. 

Pom* some fresh lime-water in n beaker and blow into it 
through a gla^s tube. See that it bocomes milky after 
ten or lifteen minutes. Explain. (CO, of the breath 
changes Calcium Hydroxide. Ca (O H) s into Calcium 
Carbonate Ca C 0,. 

V. Result of Breathing on Cold Surface. 

Breathe on a looking glass or a slate. See that it becomes 
hazy. Why ? 

VI. As in No, IV above, pour some fresh lime-water in a 
beaker and blow into it with the bellows for 13-20 
minutes. Note that the lime-water remains clear. 
Whv ? 

i 

Induce your results from all these experiments and record them in your 
note book* 
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USE OF A CLINICAL THERMOMETER. 

<hit a Clinical thermometer, and one from each kind of the 
Laboratory thcrmmnetei*H. Note that the Clinical 
thermometer is much smaller and more delicate titan 
the rest. Viz. the Farenheit, the Centigrade and the 
Eeumer. It is a small part of the Farenheit thermo¬ 
meter with markings for recording temperatures from 
nr»° to 110°F. "Why* (These are the lowest and the highest 
tomperatures compatible with lmman life). Note these 
graduations and aoo that each degreo is divided into 
five equal parts. Also note that, opposite hfV4° thorn 
is an arrow mark. This is the normal temperature! 
of human beings in health, 

Nolo the different parts of the thermometer.*- 

(0 tl to bulb containing mercury, and 

(*2) the stem bearing the above-noted gradu¬ 
ations. From the bulb loads a very line 
capillary tul»e in which the mercury rises 
when the bulb gets warm. Note the constric¬ 
tion a little beyond the bulb in this capillary 
tube which does not let the mercury fall 
automatically once it has gone up due to the 
expansion of the mercury by heat. Explain 
the usefulness of this constriction. In order 
to bring it down you have to jerk the ther¬ 
mo motor once or twice bv bolding the stem. 
Be careful in this procedure that the bulb 
does not touch anything otherwise it will 
break. Noto that this constriction is 
absent in your laboratory thermometers and 
so their temperatures fall automatically. See 
tha t on the stem is also written \ minute 
I ■ minute,. .2. minutes, yr. 5 minutes, for 



which the thermometer must be used to 
show correct temperature. This themoine* 
ter is also called a Doctor's Thermometer, 

DIRECTIONS FOR USE. 

0) Ta,ke it out from its case gently and be care¬ 
ful that it may not fall. 

(2) Was!) it with cokl water or some weak anti¬ 
septic lotion e.g. 1 in 40 Carbolic Lotion or 
j in 2000 mercury lotion etc. before ard after 

line. 

(8) Then read it and see, that the mercury is 
below 1)5° or so. If it is above this, give it a 
few jerks by holding the stem. 

N.B. It is not neceSBftiy to bring; tli* level down to 95 J . If 
it remains at 9G or so, it its all right 

(4) Then place the thermometer in the airnpit or 
groin or in the mouth under the tongue. If it 
is to be piaced in the armpit or groin remem¬ 
ber to clean the place with handkerchief to 
remove sweat. Also see that the bull) is 
actually in contact with the skin all round. 
The clothes should not intervene. If it is to 
Ijc placed in the mouth, it should be underneath 
tlie tongue and the mouth should bo closed 
and tho thermometer be held by the lips and 
not by the teeth. Tho breathing should lie 
entirely done through the nose. 

(5) Keep it there for a little longer period than 
what is written on the stem. 

(tf) Thou take it out and read. Be careful not to 
touch the bulb or to hold it by the bulb 
in order to read. Hold it horizontally (not 
vertically) by catching the thermometer a 
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* 

it 

little above * the bulb between the thumb 
ard tii’st two fingers of the left hand and 
the other end of the stem between the thumb 
and first two fingers of the right hand 
with the graduated side facing you. Rotate 
it a little to and fro, and you will see a 
white line in continuation with the bulb going 
some distance into the stem. Mark its 
upper-most end and read it, 

(71 Then clean the thermometer and replace it in 
the case gently toith bulb downward*. 

N.B. Norma) temperature of human beings is generally 97 e t 
to 98* in axilla or groin and 97*6° to 98*4 C or even 99° in tho month. 

Sketch the Clinical thermometer and take your tern* 
peraturc in tlie mouth and record. 



o8 

* 

USE OF A LACTOMETER. 

i 

(ret a lactometer and note its various parts, viz. the 
rounded bull) filled with lead-shots or mercury, the 
sec or d elongated bulb above the first one which is 
empty, ai d a long tube—the stem —which is uppermost 
and is graduated, bearing the letter M lower-most at the 
bottom and W at its upper end. The distance between 
M and W is differently divided in different instruments 
into 4, 5, or 10 divisions, 1 ut generally into 4 divisions. 

If it, is placed in pure milk it sinks to the mark M -ai d if 
in water, it sinks to the mark AV. The temperature of 
the fluid to bo tested should be 15° C or 00° F. to get, 
correct r<'suits, as these ii stniinents are generally so 
constructed. 


Now if you place it in a specimen of milk in which it sinks 
to the mark ii i.e. one division above M is in the milk 
and three are outside; it denotes that the spec imen con¬ 
tains one part of water and ii parts of milk. If it 
stands at, the mark ‘2 i.e. two divisions above M arc in 
the milk ai d the remaining two divisions are above it, 
1 bo milk contains ci)ual parts of milk and water. 


Test the specimens of milk provided in tubes A, B ai d 0 to 
find out tlie % of water in each. Also test some strong 
watciy solutioi s of sodium chloride (common salt) 
and ammonium chloride, 

T 

We conclude from the abo\e that,: - 

(1) Water lining lighter than milk makes the 
lactometer to sink more, so that when some 
water is present hi milk it sinks more than 
in pure milk. 

(2) Salts (like sodium chloride and ammonium 
chloride) make the water heavier as more 
of the stem floats than in pure water. 
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-Tbo teacher hfirs should explain to the clats those fuelers which incictiFG 
t 1 !i gtfwifcy of the milk and ttiQ.^e factors which deciease llm specilie 

gravity of the milk. 

Relnombci* tfiat:— 

(!) AVatur in milk maUps it wink inn \v u\ Imvrrs 
t] 10 spoitilu* gravity. 

( 2 ) Fat in milk makes it sink inure he. lowei-s 
the specific gravity or brings it. nearer to 
that of water, because fat is lighter 
than water. 


{\i) Milk sugar and salts in milk make it float 
more i.c* increase t he specific gravity. 

N.B, (1) This instmmont gives m no exact idea of the purity of milk. 

It only tells us how much water has been mixed in pur© milk. 

(ti) Even pure milk from different animals e* g. cow, goat, or 
buffalo, will differ when tested by it* Even the milk which is 
rich in feta mny show lesser specific gravity and so sink 
more* 

1 (‘0 Milk from which fat has been removed and water added may 
appear pin© milk and stand at M if tested by this instrument. 

(4) This instrument is only to test the specific gravity (density) of 
milk. 

(fj) Purity of milk cmv be determined by the specific gravity and 
the fat percentage. 

NOTE:—Specific, gravity o£ pure miJk is from 1027 to 
1034. The amount nf cream in pure, niilk is from 
8 to 11 % as tested by the emunometer. 


Hketch this instrument. 



APPEARANCE OF A SOLUTION OF THE 
WHITE OF AN BUG WHEN BOILED. 


Break a hen’s egg by giving a gentle tap on tho table and 
remove a little of the broken shell. Let the white of 
the egg flow through this hole in a porcelain dish. Be 
careful tliat the yolk is not mixed with the white. Beat 
tliis white with a spoon so as to make it thoroughly 
homogeneous. Divide it into 2 equal parts in 2 
dishes. Add to one part about 10 parts of water 
beating all the time. Yon may make tins watory solu¬ 
tion in a flask. Note that the solution is slightly 
opalescent. 

JSxpi, 1 Take a little of this solution in a test tube and 
boil it. Note it becomes more opalescent. It does 
not coagulate. Add a little acetic acid to it, a thick 
co-agulum forms. 

Expt. 3 Take the second part which is the undiluted white 
of an egg and boil it. Note that it co-agnlates. 

Conclusion. The wJiite of an egg coagulates on boiling 
while its solution does not. But the solution becomes 
more opalescent pn boiling which coagulates on acidu- 
latioji. i 

Write in your own words as to how you carry out this ex¬ 
periment. 
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10DIN& TEST FOR STARCH 

a little starch from potato or wheat 
flour in a test-tube in a little distilled water. Lot it 
mol, and then add a drop or two of a weak solution of 
iodine (2 to II drops of tincture iodine in about 10 c.c. 
of distilled water). 

Note that the colour of the solution becomes intense 
blue. Boil this again and see that the blue colour 
disappears. Let it cool and the blue colour 
reappears. 

Write out the whole procedure in your own words. 



GENERAL process OF gastric diges¬ 
tion. 

1 

Before proceeding with this experiment the teacher 
si ion Id tell the compos iti mi and action of gastric juice to 
the students. 

Things required for the experiment: —Berger's Liquor 
Pcptieus (in place of Pepsin), Berger's Pen net (in place 
of Rennin of Gastric juice), Hydrochloric acid, distilled 
water, and tlic whit-e of an egg, (protein to be acted upon), 
glass marking pencil, water bath, test tubes, porcelain dishes, 
rack, centigrade thermometer, spirit lamp, burette stand, 
some calcium chloride solution, some milk and a match-box. 

There arc two ferments in the gastric juice vm. pepsin 
and rennin, so wo may do this experiment, in two stages, viz; 
action of pepsin on protein, and action of renin on milk. 

Experiment I. Make an artificial gastric juice as 
follows:— 

To a little liquor pepticus add excess of (about 10 
times) diluted hydrochloric acid (I in hOO). 

In aprocelain dish boil a little white of an egg and keep 
it for the experiment. 

Take four tost tubes and mark them, 1,2,3, and 4. 

> 

In No. J put some dilute hydrochloric acid. 

In No. 2 put a little liquor pspeticus and 5 to II times 
distilled water. 

In Nos. 3 and 4 put some artificial gastric, juice. 

Then boil the tube No. 3 and let it cool. Now put in all 
the four test tubes, equal parts of the boiled white of egg and 
place them in a water-bath at 40° centigrade. Keep the 





temperature constant. Ijet those tubes remain there from 
;10 to 45 minutes. After that take them out of the hath and 
note that:— 

There iR no change in J, 2, and ii, i.o. the co-agt dated 
egg-white is the same and not dissolved. 

In No. 4 it has ail dissolved. 

We infer from the above that:— 

(fl) Hydrochloric acid and pepsin alone do no' action 
the proteins. 

(6) Boiling destroys the pepsin. 

(c) The hydrochloric acid and pepsin t age tier act 
on proteins. 


Experiment II. As i ref ore take four test tubes aid 
mark them Nos. 1, 2, K, ai d -J. In ail these put sumo 
llouger’s Helmet. 


Pour some boiled milk whieh has been reeled in Nos. 
1, 2, and It, and a little unboiled milk in No. J. In 
No. 2, also-add some caleium chloride solution. 
After that hull tins tube No. 5 and let it stand to 
cool and then add to this (No. ;}) some calcium 
chloride solution. Next place all tin* tost, tubes 
in water-bath at 40° O for 150 to 15 minutes. 


After that take thorn out and note that in Nos. I audit 
there is no change, while milk is curdled in No. 2 
and 4. 

Tube No. I Contains Rennet+ Boiled cooled milk* 2 No change. 

Tube No- 2 „ Rennet+Boiled cooled milk I 

+ Calcium Chloride / Lurdlcd 

Tube No-3 (Rennet + Boiled cooled milk) 

both then Boiled +• Calcium chloride = No change. 

Tube No. 4 „ Rennet + Unboiled milk — Curdled. 



We infer from the above that:-— 

(a) Rennet co-agulates unboiled milk and has no 
action on boiled milk (from Nos. 1 and 4), 

(A) Rennet is destroyed by the action of lie at 
(from No. 8). 

(«) Calcium chloride helps the co*aguIation of boiled 
milk (from No. 2). 

Re-write shortly the two experiments in tabular form 
with results. 
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SIMPLE TEST FOR SHORT AND LONG 

SIGHT. 

Get a Snellen’s test chart from an optician and sec that 
the letters in the chart are written in various sizes 
which go on decreasing as we read downward. Above 
each line we find written 13“some number in feet or 
metres in small print e. g. (highest is L)= 60 meters and 
lowest is D=6M or 20 feet). This lowest number irdi* 
cates tho distance at which a normal person can read 
that line with each eye separately. So this means 
that the lowest line should bo read clearly with each 
eye separately at a distance of six metres or 20 feet. 

(The teacher should explain the principle on which 

the chart is made, to the boys), 

Short Sigh* edness (Myopia). Do the experiment 
like this. 

1. Hang the chart in good light at the height of 

about 6 to 7 feet (i. e. the lowest lino of the 
chart (D=5M) should be nearly at the same 
level as the eyes of the person whose sight 
is to be tested). 

2. Make the person to lie examined stand in front 

of the chart with back towards the light at 
the distance of six meters or 20 feet from 
the chart. 

3. Ask him to close his left eye with the cup of 

bis left hand. His eye should be open 
behind the cup which only does not allow 

him to see. 

(The teacher may do it with his own hard). 

* 

4. Tell him to read from above downwards. 



If he can read ail the letter of the chart with each 
„ oyo separately, his eye-sight is either normal or he 
is long-sighted (Hyper mo t ropi o). If lie cannot read 
all letters ho is short-sighted (Myopic) and should' 
go to an eve-specialist for spectacles. 

longsightedness (Hypermetroia) -In the above 
experiment when lie can read all the 1 otters on the chart 
correctly and separately with each eye, place a low 
convox lens ( + j, OP.) before his eye arc! let him read. 
If the let tin’s do not become dim, he is long sighted. 

Tost your own sight and record results. 

4r IL J 





DEMONSTRATION OF THE EXISTENCE 

OF BLIND SPOT. 


On the opposite page of vom* note-book make two small 
figures, a cross to your left and a circle to vour 
nght about 3'* apart from each other. Hold the 
note hook about 10 to 12 inches away from your eyes 
with your right hand. Close your left, nyo with your left 
hard and fix your right eye a( the cross. While you 
are looking only at the cross with your right eve you 
arc still seeing the circle. Then bring the note book 
nearer towards your eye. Ko 3 p tho right eye looking 
fixedly at the cross. At a certain distance the circle 
disappears. This is the place when tho image of the 
circle falls on the Blind Spot. Move the book still 
nearer to the eye, the circle ni-appeal’s. 

Repeat the samo experiment with the right, eye closed 
ard loft eye looking on the circle. Tho same phe¬ 
nomena will be noted. 

Explanation: —When we look at a thing directiv its 
image falls on tho yellow spot, flic place of acutost 
vision, so that the thing is seen clearly, (Direct Vision); 
while the image of other things all round are falling on 
the rest of the retina., so they are indistinct (Indirect 
Vision). At a certain place the image of the object 
seen by indirect Vision falls on the blind spot, (the place 
where the optic nerve enters the eve-ball and which is 
devoid of sensitive light), and so there it is not seen. 
When we move it still nearer its image again falls on 
the retina and honce is again seen. 

Make a diagram on tho opposite page and 
write the experiment in your own words with its 
full explanation. 



FORMATION OF A REAL IMAGE BY 

A CONVEX LENS. 


Apparatus:— A candle, three or four lenses of different 
curvatures, a screen all fixed on stand, and a mateh box. 

Efpt. J. Place a Ions of medium curvature, the 
screen and the candle hi a straight line on 
t he table in such a way that the lens in in the 
centre art! the screen and the candle arc on 
either side. Adjust their heights an that all 
of them are in the same level. Then light the 
candle. By moving the screen and the candle 
to and fro you will get an inverted image 
of the candle on the screen. Draw a diagram 
of this showing the path of rays in your note 
book, on the opposite page. 

Expt 2. Move the candle away from the lens 
and note tliat its imago on the screen gets 
blurred or lost. Remove the lens and place 
instead another lens of lesser curvature and 
you will again see the clear inverted image on 
the screen. 

Expt. 3. Next bring the candle much nearer to 
the lone, the image again disappears. Now 
charge the lens foi the lens of liigher curva¬ 
ture ard the image again appears. 

We infer from the above that: — 

(a) the nearer the object to the lens the greater 
should be the curvature of the lens to form 
a clear image on the fixed screen. 

• (i) and the farther the object from the lens, the 
lesser should be the curvature of the lens to 
form a clear image on the fixed screen. 





In the eye too* the distance lietwoen the screen (retina) and 
the lens (optical lens) is fixed* as it was in the above 
experiment. To form images of objects situated 
at different, distances from the eye, the lens keep* 
on changing its curvature i.o. becomes tinker when 
we see a near thing and becomes thinner when we 
, see a far off thing. This power which the lens 

possesses is known as Accommod(tfioti. 

Make three diagrams showing the path of rays in the 
above throe experiments. 

■ Ex.pt 4. Set. the tilings as in Expt. I to get o 

real inverted image with a medium convex 
lens. Move the candle away from the lens. 
Note its image gets blurred which can lie 
made distinct by moving the screen towards 
the lens. Similarly move the candle 
towards the lens, its image gets blurred which 
can be made distinct again by moving the 
screen away. 

We infer from the Expt. 4 that:— 

(а) the nearer the object is to the lens* the greater 

the distance between the lens and the screen. 

(б) and the farther the object ia from the lens, the 

lesser the distance between the lens and the 


screen. 
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SIMPLE TESTS FOB HEARING. 

Let the parson whose hearing is to he tested sit on a stool 
and then blind-fold him preserve with a finger. Take 
a watch with a good tick and keep it at distance of 
about two feit from his right ear. Ask him if ho hears 
the ticking sound of the watch. He will say “No” 
Then bring the watch slowly nearer towards his ear 
and let. him say “Yes” immediately lie begains to 
listen. Measure the distance of the w atch from the 
ear at this point: 

N. B. In tlie above experiment tlie left ear shouhl be firmly pr. s^erl 
by the thumb so thrifts miy not listen with tint eir, Repent the same ex¬ 
periment ivifch left eur arid rucor#! results. 

Next do the same oxpmmnit on a>person who is known 
to have normal hearing power, and record the result. 
If the distances arc the same in both the persons, then 
the persons examined first has normal hearing. If 
lie can hear from a shorter distance, bis hearing 
power is defective. 

N.B. (This is not a very reliable and Rccumt* !<jsO 

Tell the buys to rfo the experiment in batches i>f two, upon each. 
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DEMONSTRATION OF A REFLEX ACT. 

# 

(1) Bring your linger near tin.; eye of the port-on 
wJk> is not aware of it as if you are going 
to strike. You will notice that- he winks lus 
eye. This is known as Winking Reflex. 

(•J) Ask a. hoy to sit at the edge of a table. Place 
yum* loft hand under lus right (high by stand¬ 
ing towards bis right ard ask the student 
to place all the weight of the,thigh on your 
hand and let him hang his leg loose. Then 
ask him to close his eyes. Now give a sharp 
tap at t he patellar ligament with the inner 
margin of your right hard. You will notice 
that the hoy at once jerks his leg foiwards. 
This is called the Knee-jerk. If the tap is 
given at a wrong place nothing will 
happen. 

(3) , If you scratch with a pin the sole of a, sleeping 
person he withdraws his leg. This is a Ref¬ 
lex Action ais he is not aware of it when 
awakened. 

j\. B. The teacher here should explain to the 
class these reflexes with experiments. Draw a 
diagram on the opposite page of the reflex of 
experiment No. 3. 
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PARTS AN D WORKING OF A 

MICROSCOPE/ 

Luok carefully at the microscope put before you on 
the tablo. Note the following parts— 

Body Tube t a long cylii drical tube in which there is 
another tube called the Draw tithe, (H.) On the upper 
end of the draw tube is placed the Eye-pice or the 
Ocettlar. To the lower end of the body tube are fixed 
two circular discs to which the Objective* are attached. 
The draw tube can be raised or lowered, thus changing 
the position of the eye pice above. Objectives are of 
two kinds, high power (l/ti"=4 mm) and low power 
(2/3"=16 mm). Also note the Stage (C) on which the 
slide is put for examination. The slide is illuminated 
by light passing through the hole in the stage reflected 
by a concave or a plan mirror (J). {Plane mirror is only 
used when we use tho condenser). Below tho stage one 
may notice a Diaphragm by which we can regulate 
the amount of light, and noted passing to the slide as 
we desire. Some microscopes are also provided with a 
big lens placed just beneath the stage called Condensor 
which can be so shifted that it may be brought urder 
the stage or moved away. 

(Some instruments are also fitted witd a mechanical 
stage, a contrivance for moviug the side to and 
fro). 

All these parts am attached to the Arm (e) which in 
its turn is resting on the Bate (a). Also note the 
two screw* like parts called the Coarse (p) and the 
Fine (o) Adjustment Screws attached to the upper 
part of the Arm, 






Compound Microscope l">™ dwcnptwm on p^-« raj 

A— base or stern] : B— iliajrhraain : C— slage; 

Distend fnr reflecting minor : F-^arm ; F™rough ailjusinimit screw : 
G— firm adjustment *rrrw: H “-draw tube; J-Ttfflectmg mirror* 
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Bow to use ft:- 

Put the slide on the stage and rotate the low power in such 
a way that the low power, body tube, and the eye piece 
are in one line, Now look through the eye-piece and 
adjust the concave mirror to get the best illumina¬ 
tion. Bring the low power quite near to the slide and 
with the help of the coarse adjustment screw move it up- 
words slowly so that you may see the object on the 
slide. Then, if necessary, make it more clear and dis¬ 
tinct by fine adjustment screw to suit your sight. 

For using the high power, rotate the low power, when ad¬ 
justed, away, and bring the high power in its place. Fix 
it correctly with fine adjustment screw. 

Precautions:- 

(1) Be careful in handling the instrument as 
it is very delicate and costly. 

(sj) Always adjust the low power first and 
move it always from below upward) otherwise 
you may break the slide or the objective if 
you do it from above downwaids. 

The student should cultivate this habit 
from the very beginning. Then adjust 
high power. 

(3> M you find dust deposited on the eye-piece 
or concave mirror or on the objective, 
clean it with a soft muslin or eilk cloth. 
Do not wash with water etc. 

(4) When replacing the miscroscope back into its 
box after use, you should bring down the 
low power as low down and near the stage 
as possible. 
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MICROSCOPIC EXAMINATION OF BLOOD,. 

BONE & MUSCLE. 

' p l 

Blood. —Take hold of a student and wipe Ho 
left hand's finger with methylated spirit. - Let 
it diy, Then warm tho point of a pin on > the 
flame of a candle. Prick the finger sharply 
with it. Immediately a small drop of blood 
appeal's. Take it on a clean slide for exami¬ 
nation. One another slide take another drop 
of bl ood and with the help of the edge of tho 
first slide draw it into a tliin and oven 
film. Put them under tho miscroscope. Now 
in tho drop of blood you will notice a mon¬ 
itor of round flattened discs called Blood 
Corpuscles or Cells floating in a clear fluid 
called Plasma. Now in tho thin film you 
■ ■ will notice (or better still in a special stain¬ 
ed slide) that coipusolcs are of two .kinds, 

(1) Red cells appearing as small, circular, 
flattened, biconcavo, noil-nucleated discs 
which are vejy many in number; called 
Red Blood Corpuscles or cells and 

(2) White cells, irregularly shaped, comparatively 
larger, and having one or more nuclei, 
much fewer in number and have different 
shapes and appear colourless (blue in the 

- . stained slide). These arc termed Leucocytes 
or White Blood CeUs or Corpuscles. 

N. B. (i) The blood appeal's rod due to the abun¬ 
dance of the red cells over the wdnte. (tiOO: 1) 

■» H i 

(ii) In an unstained slide it is rather difficult to 
see the white cells as they .are colourless. 





(Hf) R. B. C. of all muscles are lion-nucleated, while 
these arc nucleated in cold blooded animals, 
o.g, frog, fish etc. 

Bone ' Get two prepared slides of bone, one of cross-sec¬ 
tion and the other of longitudinal section and 
sec tlicm nndor the microscope. 

(*) Croat Section of bone. In this you will soe a. 
cob-web appearance i.e. it will be seen to bn 
mapped out into a number of circular dis¬ 
trict. In tliis centre of eacii distinct, there 
you sec a big dark spit which is the opening 
of a small canal in the bone which is called 
the Havernion Canal. Around this you soe 
concentric rings which are really much 
smaller canals than the abovo called the 
CanalicnU in the bone. On these concentric 
rings you may sec small spots resembling 
knots, from winch radiate the small lines 
(Canalien]i) in all directions. These small 
spots are little spaces in the bone which lodge 
the bone Celia and these radiating lines are 
really canals for small blood vessels. The 
Ha version canals also contain slightly bigger 
blood vcssals for nourishing the bone during 
life. The wholo thing appears like a net¬ 
work. 

{b) Longitudinal Section. In this llavermon canals 
are not seen as big round dark spots but they 
look like long empty spaces which branch and 
communicate at short intervals. Ono can 
certainly see the bone calls and the canaliculi 
as above. 

Draw diagrams of what you see. 

Muscle S Get 4 prepared slides of muscles, viz., Longi¬ 
tudinal Sections of:— 

(1) Voluntary 

(2) In-voluntary muscles 

(3) Heart muscle 

(4) Transvei'se section of any of these muscles. 

( rt ) Longitudinal notion of striped muscle. You 
86G long red muscle fibres which appeal to be 


* 



made up of alternate dark and light bands or 
stripes which give the name. Sketch this. 

(b) Longitudinal teclion of unglriped muscle. You 
will note spindle shaped tapering fibres which 
have not got any stripes or bands, but they 
Itave got elongated nuclei (e.f. striped muscles 
fibres). 

(«) Longitudinal section of heart muscle. Hei'e 
you will see quadrilateral short and thick 
fibres which also appear to be striped. Sketch 
this. 

(d) Transverse section of any muscle . One may 

seo red areas separated by whitish lines repre¬ 
senting the ends of the fibres. 

Write in your own words the differences by which you can 
recognize longitudinal sections of (*) unstriped muscle, 
(ii) heart muscle and (»«) striped muscle. 





MICROSCOPIC APPEARANCE 07 HILK& 

STARCH GRAINS FROM POTATO 

* ' » 

(1) Milk. Take a clean glass slide ard with 
a glass rod dipped in milk put a tiny droplet 
ou it. Cover it -gently with a cover glass. 
Then examine it under tho niicroscopo. Note 
that a large numljcr of round globules of 

• different sizes float in an opaque fluid. Those 
are the fat globules. The richer the milk the 
bigger and the more numerous are the fat 
globules. (C. F. the microscopic appearance 
of blood). 

Next examine a drop of buttermilk and you will note 
that the globules are very few and smaller in size. 
Remember fat is present in milk as an emulsion. 

Di»w what you gee. 

Why is milk called a perfect food? Give the composition 
of milk, 

(2) Straoh grains from potato. Cut a potato and 
scrape the cut surface a little with the handle 
of a clean scalpel. Place some of this scrap¬ 
ing on a clean glass slide; put a drop of 
distilled water, mix and put a cover glass 
gently. Then examine it under the micros¬ 
cope. You will see a number of starch grains 
with oval concentric rings round a point 
(Hilum) which represents the centre and is a 
little to one side. The appearance is very 
characteristic. 


Sketch what you see. 



IDENTIFICATION OF LARVA AND ADULT STAGES 
OF CLUEX AND ANOPHELES AND THE 
FOLLOWING OTHER DISEASE CARRYING 

INSECTS.FLEA, SANDFLY 

AND HOUSE FLY. 

1. C.ilox and Anopheles Larvae. 

,■ l 
* 1 

Mosquitoes breed in water near tiie bank. So you 
! can easily get both of these kinds of larvae in 

a collection of water, e.g, a pond, cesspool 
or even an earthen pot etc., in August, Sep* 
tember and October. Catch the larvae by 
dipping a dish in water containing them and 
then suddenly bringing the dish out. Pour 

1 

tiiis' water of the dish in a trough containing 
some water and see how they float. 

Note each laiwac consists of a head, a narrow neck and 
a segmented body. 

You can distinguish the culex larvae from the anopheles 
larvae by the way in which they float in water. 

Tiie culex larva floats in water witli its head downwards 
and the body is at various angles to tiie surface of the 
water; while the anopheles larvae floats with its body 
lying in horizontal direction and parallel to the 
surface of water. This difference is due to the fact 
that the former has a breathing tube while the latter 
is devoid of it. 

Sketch them aa they float in water. 

r 

Anopheles And Culex Adults. 

p- 

Catch some mosquitoes from corners of dark deserted houses 
or mud huts, or behind curtains or clothes lianging 
on pegs which have not been disturbed for some 
days, in U 10 months of September, October and 






November i (after the rainy season). The wa.y to 
catch a mosquito is to plane an inverted test-tube or 
cylinder suddenly at the place where it is sitting. 

Identify them by the following points:— 

(1) Anopheles sits on a plane surface e,g. floor, wall, 

table etc., with its quite straight body 
making an angle with the surface (and nut 
parallel), and the hinder legs arc beneath 
the abdomen. Culex sits on a. plane surface 
with its body slightly bent on itself and 
more or less parallel to the surface, and 
the legs stick out above the abdomen. 

(2) In anopheles wings and logs aro beautifully 

spotted while in culex they are clean and 
i m spotted. 

(») Proboscis (biting instrument) and the head is 
much bigger in anopheles than in the eulicos. 

Sketch them *6 they are seen sitting on a plane surface, Name the 
diseases conveyed by them. 

% h 

F*«a. Get one from an infected dog (dogs have 
generally fleas on their bodies). Kill it with 
chloroform and place it on a clean slide and moisten 
it with a drop of normal saline or distilled water. 
Either sec it with a lens or examine it under the 
low power of a microscope. 

Note the following parts:— 

(1) Head to which is attached the bloud-sueking 
apparatus, 

(2) a narrow neck, 

(3) thorax which is flattened from side to side 
and to which six pairs of legs, are attached 

and 



(4) the abdomen. The special point about it is 
that the whole body generally and the thorax 
and the legB specially aits covered all over 
with bristles or scales. 

Sketch it. How is it dangerous to man) 

Sand'Fly. These are generally found in or 
near bath rooms, near the floor, under bricks 
and stones, or in other damp places. Generally 
speaking they breed in places where organic 
matter is Undergoing decomposition. So they can 
be easily found in the drain and back of cook 
houses. It is vei-y difficult to catch one as it is very 
iBstless. It is a small insect but is stoutly built and 
has large wings. They have a dark colour and so 
are also called black Jliee. Its larvae is aquatic, 

Vi- 

Examine a mounted sand-fly under the low power of 

i 

a microscope. See its different parts viz; head, 
neck, thorax, abdomen and large wings. Note that 
there are no scales or bristles on its body or legs 
(unlike iiea). The wings are thin and transparent. 
Sketch it. What are the diseases conveyed by it? 

House-fly. Catch a common house-fly and note 
that it has a head, a neck, a thorax and a segmented 
abdomen. Examine the head under the microscopy 
and see that it has a suctorial, a mouth with two 
jaws and two prominent eyes. The nock is veiy 
small. Thorax has got six legs and the wings atta¬ 
ched to it. The latter are beautifully spotted. 

The larvae of house-fly are called Maggot*. They are 
often found in dirty wounds, decomposing refuse 
and decaying heaps. They are whitish and elonga¬ 
ted, and have segmented bodies. 

Draw a common house-fly and its maggot, if available. 
What are the diseases conveyed by the house-fly. 
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IDENTIFICATION AND MODE OF EMPLOY* 
MENT OF COMMONER DISINFECTANTS. 


Disinfectants aits substancos whirls dostroy germa c.g. 
corrosive subliinato. They are divided into throe 
classes:— 

0) Natural disinfectants, o.g. ami-light; frot.lt 
air; etc. 

(2) Physical disinfectants, o.g. tire; boiling; hot 
air; steam; etc, 

(3) Chemical disinfectants, o.g. lime; corrosive 
sublimate; etc. Here wo are chiefly concerned 
with these. Those may he: 

(A) solid, (B) liquid, or (0) gaseous. 

A. Solid Disinfectants Common ones aro:- 

I. SOAP. Tiiis is a tiling of common use. It is either 
liard or Boft. Hard soap is prepared with caustic, soda 
mid soft one is prepared with caustic potash. It is used 
for cleaning soiled linen and washing hands etc. 

y. LlME(OaO). It is prepared by limning lime-stone 
(CaCO # )in kilns. It tonus whitish masses which turn 
into powder when water is poured on them with 
the evolution of gix*at heat. This powder is known 
as thked-lime, CaO+11,0=03(011), which is used for 
white- washing the walls. Lime is also used for disin¬ 
fecting wells, Komemhci that it becomes useless if 
stored for some time, as it js changed into chalk 
which is inoit. 

;s. BLEACHING POAVDElf OK (TM jOH 11 >E (>F I A M E. 

It is a dull white powder w Inch smells heavily of chlorine. 
It 18 chiefly used for bleaching vegetable colours or disin¬ 
fecting drinking water, (in lung keeping chlorine 
gas goes oft leaving the powder useless. 

B. Liquid Disinfectants:— Tlicse arc mostly used 
out of the 3 kinds. The most important of them 

are _ 

1. PEK-CHLOBIDE OF MERCURY OR COROSS- 
IVE SUBLIMATE (HgC% It occurs as heavy 
whitish or colourless crystalline lumps. It w one 
of the most powerful disinfectants and r onus a 
colourless and odourless solution. It is an ext* 
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N* 

coloured 

water. 

2 . 



reiucly poitfonoim aultftancc. It is soluble in 
water and is used in strength of 1 in 500 for dis- 
infecting clothes ami patients' dis-charges etc., 
1 in 1000 for washing hands ; 1 in 2000 for wash¬ 
ing small and single wound and 1 in 5000 for 
washing a large wound or many wounds and when 
repeated washing is required. Its use is only 
limited duo to the following points:— 

.. * 

(1) It corrodes install monts, 

(2) it co-agulates albumen. So its power of pene¬ 
trating into the interior of the organic matter 
is much limited unless some acid is added 
to it, and 

(3) it makes a very poisonous and colourless 
solution with water. 

Its special action is Anti parasitic i.e. killing para¬ 
sites, hence it is used for killing lice on the 
head and body and to cure ring-worm disease. 

B* It generally sold in the market in the form oF tablet^ 
blue to make the lotion coloured in order to recognise it from 


CYANIDIE OF MERCURY (Hg CN). This is even 
a greater poision than the perclilorido of 
mercury but is a, veiy good antisepic. It is 
hardly ever used for disinfection as it is very 
dear and highly poisonous. 

CARI30L1C AOlD or PHENOL. It is one of 
the most commonly used disinfectants. It occurs 
in colourless, deliquescent, needle-like crystals 
which have got a characteristic odour. It- readily 
absorbs moisture from the atmosphere ana- turns 
into a pinkish liquid. It is generally, used as a 
watery solution in the strength of 1 in 20 for 
disinfecting clothes and discliarges from Cholera 
Typhoid, Dysentery and Diarrhoea patients, and in 
1*40 strength for washing wounds andLHbandB etc. 
To disinfect stools, urine, etc. mix. with equal 
amounts of 1 in 20 carbolic lotion. Infected arti¬ 
cles like clothes etc. should be placed in 1 in 20 
carbolic lotion for at least one hour before giving 
to the dhobi. 
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It is also used as a preservative in 1 in 200 solution. 
It is an antiseptic as well as a deodorant. When 
accidently strong acid touches the skin, it becomes 
white called carbolic acid burn. 

4. SAPONIFIED C RE SOL. It is ono of the coal-tar 

derivatives and occurs as a dark, thick and viscid 
liquid. It is less poisonous and cheaper tlian car¬ 
bolic acid. It is equally efficacious. So it is 
inoi*o widely used. It changes its colour to brown 
on keeping. 

It is used as an emulsion in water for disinfecting 
drains, soiled or infected clothes etc. It is also 
used as gas (see below). It does not. bleach 
colour or corrode met las. 

It is a very good disinfectant, parasiticide and heodor- 
ant. 

5. PHENYLE. It forms a milky solution in water 

with a characteristic odour. It occius as a dark 
thick liquid. As a disinfectant it is quite weak 
but is largely used as a deodorant for drains 
latrines, urinals etc. 

<>, FORMALINE. It contains formaldehyde in solution 
in water (see below). It has got a characteristic 
pungent, odour- but no colour.. 10% solution in 
water makes a very good disinfectant. It makes 
skin rough and hard. It is used as a preeerva- 
tive for biological specimens and tissues like, brain 
heart, etc. 

7. POTASSIUM PERMANGANATE (KMnO) 4 . It 
exists as dark purple, fine slender, crystals which 
are easily soluble in water giving it a pink or 
purple rod colour which soon turns to dark 
brown. It is a woak germicide but is a good deodo¬ 
rant for drains, mouth wash etc. It is largely twe¬ 
ed in cholera days to kill cholera germs in drinking 
wells. As a disinfectant it. is used as 0% solution. 
There are certain drawl ticks in it, viz.:— 

(1) It stains linen. 

(2> It is quite dear and cannot be used on a large 
scale. 
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(3) It is unstable as oxygen gas is easily liberated 
when it comes in contact with the organic 
matter in which the germs generally live. 

"Write the method of disinfecting an ordinary sized 
well with potassium ponnanganato. 

G- Gaseous Disinfectants: —-Those wJiieli are used 
chiefly as gas without caring whether they exist as solid 

or liquid. 

1. SULPHUR DI-OXIDE (S+O s =SO s ). It is prepared 
by burning sulphur, which oxists as yellow gritty 
powder without any taste. When we bum sulphur, 
sulphur di-oxide is produced and this gas has 
got a groat affinity for moisture with which it 
combines to produco sulphurous acid (SO, + HjO= 
H a SOg) which is a great reducing agent. This acid 
at once draws oxygen (H t SO s +G=H t SO,)from the 
body of germs and thus kills them on coming in 
contact with them. It has a pungent odour and 
has got a groat penetrating power. It is used 
largely for disinfecting houses after any infect¬ 
ious disease and the method is as follows:— 

Close all the doors, windows, ventilators, the sky¬ 
lights of the room to be disinfected. Let 
only one door remain open. Then close all the 
crevices and chinks in the doors etc. by 
pasting paper so that sulphur di-oxide 
may not be allowed to escape out. The 
things to be disinfected should be damped 
before hand. Burn enough charcoal in the 
room to keep burning for two hours. Put 
sulphur in some metallic vessel. For 1000 
c. ft. capacity 2 pounds of sulphur arc 
enough. Put this vessel on the fire. Also 
put a vessel containing water on the fire 
near the sulphur so that water may also evapo¬ 
rate simultaneously. Get out of the room 
at once and close the door behind. Let it 
bum for two horn's. After that open all 
the doors and windows. Be careful not to 
occupy the room till at least six hours after 
disinfection, and during this time all the 
doom and windows should remain open. It 





is wise to burn the requited amount of 
sulphur in three or four places in the room 
and it should be burnt as high as possible. 

2. FORMALDEHYDE. It is a gas with very 
pungent odour. It is produced by pouring for* 
malijie over potassium permanganate or by heat¬ 
ing formaline under pressure. 10 ounces of 
formaline when poured on 5 ounces of potassium 
pormanganante produce formaldehyde enough to 
disinfect 3000 c. ft. and six hours are necessary for 
it. It is a very powerful disinfectant and deodo¬ 
rant. It does not bleach colour or corrode metal¬ 
lic vessels except iron and is much stronger than 
sulphur dioxide. So it has largely replaced the 
latter. It is quite cheap. The only defect that it. 
lias got is that it is very irritating to the eyes and 
the throat. Remember that it is non-poisonous to 
man, 

0. CHLORINE. It is a greenish yellow gas with 
a peculiar pungent odour which makes it easily 
recognizable. It is soluble in water and can bo 
produced by pouring strong hydrochloric acid on 
bleaching powder. It needs moisture to act as a 
disinfectant and being a heavy gas difusos badly. 
It bleaches colours more readily than sulphur die- 
oxide, It is more expensive and less convenient to 
use. For 1000 c. ft. space 2 pounds of bleaching 
powder acted upon by 1 pound of commercial hy- 
drocloric acid are required. It corrodes metals and 
so metal-fittings should be removed from the 
rooms, when disinfecting with this gas. It is gene¬ 
rally used for disinfecting drinking water on a 
large scale and for bleaching colours. 

Y1 

4, CRESOL or CREOSOL. As explained above, 
it is a coal-tar derivative. It is used as gas for dis 
infecting rooms in plague days. For tins purpos® 
2 ounces of crosol aro either heatod slowly on fire 
or poured on smouldering cow-dung cakes. This 
quantity is sufficient for 1000, c. ft. of space. 

Its advantages are:— 

0 ) It lias no action on metals. 
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(2) It dooa not irritate or act as poison to 
higher forms of life. 

(0) It is extremely cfticimm for disinfecting houses. 

(4) It is quite cl leap. 

For disinfecting rooms same precautions arc to Is; 

taken as in sulphur dioxide. 

MICROSCOPIC APPEARANCE OF COTTON. 
WOOLEN, & SILK FIBRES, AND OF 

ADMIXTURES. 

i 

COTTON. Examine n- cotton thread and note that 
it lias a characteristic appearance. It looks like 
a ribbon or a iiat tape which is twisted nn it¬ 
self at regular intervals. The interior of the 
fibre is often obliterated, and may contain some ex¬ 
tractive matter, and its borders aro a little thickened. 
Hake a sketch. 

WOOL. Examine a fresh fibre of wool under the 
microscope and note its charact eristic appearance. 
It looks like a hair with scales overlapping 
each other on the margins and giving a wavy 
appearance to the surface of the fibre. Just like 
hair they appear as cylinders with some extrac¬ 
tive matter in the central canal and little serra¬ 
tion or dentitions on the margins. This charac¬ 
teristic appearance is only found in fresh fibres. 
When old and worn-out the wavy line on the 
fibres disappear, and the serrations too, arc lost 
on the margins. Sketch the appearance of fresh 
and old fibres. 

SILK. Examine a silk fibre under the microscope. 
Note that the fibres a re made lip of regular cylin¬ 
ders and present little swellings at regular inter¬ 
vals. Also note that their margins aro well- 
m'aiked, homogenious, and transparent. When old 
and worn-out, there occurs a splitting up along 
its axis. Draw it as seen under the microscope. 

(vj) AtJMIXTURE. Hix three fibres together, one 
. cotton, one woollen and one silk. Put them on 

; a clean glass slide and moisten them with a drop 
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of distilled water and eo\ or them with a t o\ui>shp, 
Then examine it under the microscope. You can 
then easily distinguish alt the ttiroo hinds of iihnw 
by their characteristics given above, -vir,:- 

(1) Cotton appearing as a flat ribbon, twisted upon 

itself; 

(2) silk as regular transparent c> lmdeis with swelling* 
here and there on borders; 

(.1) wool as a cylinder with (Imitated nun gin* and its 
central (.anal genoially containing extractive 
matter. The whole fibre slums aho\a it some 
wavy lines liko a screw. Dunv a diagram of the 
admixture and table theditieiont tibios. 

N B. T3 la teacher should make thtlcrenf mivtuics 
of silk and woo], silk and i otton, and colt on and 
wool and should ask the students to examine them. 

Diaw diagrams of all these. Give the use of the mic- 
loseopic o\aniination of ilie \aiieus libro* and ad* 
mixtiues. 


FILTRATION 

Tins is ihe process by which impure drink watoi is i midmed 
pure and fit fm drinking. 

Thu*o kinds ul tilt ms aie gcncialiy n->ed, 

(1) Fasteuj'Chaniborlaiid Filtoi, 

(2) Uorkfold Filter, and 
(.1) “A Poor Man's Filtci.” 

1. Pasteur-Chamber land Filter. Note that 

it consists of two vessels, the outm being 
made of glass’d poi colain, Also note that on the 
upper end it has got a pipe by which it it connected 
to an ordinary tap. Water leuioins in this vosel 
under pressure, 

The second vessel lios inside tlie first and is 
made up of a special porous clay tlirough which 
water of the outer vessel is filtered intuits 
inside. Through these pores even the finest 
suspended impurities e. g. minute bacteria, 
can not pass. 
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Also note that the inner tube can be removed, cleaned 
and dried. 

Thre in an arrangement (exit) for removing water from 
the inner tube. 

2. Berkfeld Filter. It is nearly the same as the 
first one with the difference that water ia poured 
in the inner tube by the tap and it filters through 
the porous tube info the outer 1 vessel from where 
water comes out for use. 

Draw any filter labelling the two vessels. What are the 
precautions to be taken in using this filter? 

3. “A Poor Man’s Filter":— Take three earthen 
Charts. Into the bottom of each make a small hold 
with a file. Place these three Gharas one above each 
other on a tripod. Half fill the upper Gharah with suc¬ 
cessive layers of charcoal. In the middle Gharah simi¬ 
larly put some layers of gravel, and in the third some 
fino sand. Remember that all of these should bo half 
filled, Place some vessel to collect water below tho 
third Gharah. Plug the hole in the bottom of each 
gharah with some cotton or a pieco of sponge. Pour 
water for filtration in the upper-most Gharah. After 
a short time you will notice water flowing from the 
upper Gharah into the second and then into the third. 
Then water from tho third Gharah will trickle and 
collect in tho vessel below. This water is absolutely fit 
for all domestic purposes, 

N. B. The teacher hero should explain the principle 
on which it works. 

Remember that this filter is quite easy to mako 
and is of little cost and quite easy to manage. 

Tho charcoal, the gravel and the sand should be 
changed frequently and the Oharas in use should 
also be thoroughly cleaned' and put in the sun for 
some time. 

It is not necessary that the Gharas should be 
glazed. 
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